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 CoŵŵuŶitǇ foƌestƌǇ is a paƌtiĐipatoƌǇ appƌoaĐh aiŵiŶg to aĐhieǀe sustaiŶaďle foƌest ŵaŶageŵeŶt 
ǁhile also ƌeduĐiŶg poǀeƌtǇ aŵoŶg ƌuƌal ĐoŵŵuŶities. Yet, eǀideŶĐe of the iŵpaĐts of ĐoŵŵuŶitǇ 
foƌestƌǇ pƌogƌaŵŵes oŶ ďoth foƌest ĐoŶseƌǀatioŶ aŶd poǀeƌtǇ alleǀiatioŶ is sĐaƌĐe, aŶd theƌe is 
liŵited uŶdeƌstaŶdiŶg of iŵpaĐts aĐƌoss diffeƌeŶt soĐial aŶd ďiophǇsiĐal ĐoŶteǆts.  
 We applied a ŵatĐhiŶg ŵethod to assess the eǆteŶt to ǁhiĐh defoƌestatioŶ has deĐƌeased aŶd ǀillage 
ǁell-ďeiŶg has iŵpƌoǀed as a ƌesult of IŶdoŶesia's ĐoŵŵuŶitǇ foƌestƌǇ sĐheŵe, HutaŶ Desa ;Village 
FoƌestͿ. We assessed fiǀe diŵeŶsioŶs of ǁell-ďeiŶg: ďasiĐ ;liǀiŶg ĐoŶditioŶsͿ, phǇsiĐal ;aĐĐess to health 
aŶd eduĐatioŶͿ, fiŶaŶĐial ;iŶĐoŵe suppoƌtͿ, soĐial ;seĐuƌitǇ aŶd eƋuitǇͿ, aŶd eŶǀiƌoŶŵeŶtal ;Ŷatuƌal 
hazaƌd pƌeǀeŶtioŶͿ. 
 We fouŶd that HutaŶ Desa ǁas assoĐiated ǁith ƌeduĐed defoƌestatioŶ aŶd poǀeƌtǇ. ͚WiŶ-ǁiŶ͛ 
outĐoŵes ǁeƌe fouŶd iŶ ϱϭ% of Đases, ĐoŵpƌisiŶg ;ϭͿ positiǀe outĐoŵes foƌ ďoth foƌests aŶd poǀeƌtǇ, 
;ϮͿ a positiǀe outĐoŵe foƌ oŶe aspeĐt aŶd a Ŷegligiďle outĐoŵe foƌ the otheƌ, oƌ ;ϯͿ a positiǀe 
outĐoŵe foƌ poǀeƌtǇ iŶ aƌeas ǁheƌe Ŷatuƌal foƌest had alƌeadǇ ďeeŶ laĐkiŶg pƌioƌ to HutaŶ Desa 
teŶuƌe. BeŶefits to foƌests aŶd people sǇsteŵatiĐallǇ diffeƌed depeŶdiŶg oŶ laŶd-use zoŶes, ƌefleĐtiŶg 
suďtle iŶteƌaĐtioŶs ďetǁeeŶ aŶthƌopogeŶiĐ pƌessuƌes aŶd ĐoŵŵuŶitǇ liǀelihood ĐhaƌaĐteƌistiĐs.  
 IŶ Wateƌshed PƌoteĐtioŶ )oŶes, ǁhiĐh aƌe doŵiŶated ďǇ suďsisteŶĐe-ďased foƌest liǀelihoods, 
ĐoŵŵuŶitǇ foƌestƌǇ pƌoǀided ŵild ĐoŶseƌǀatioŶ ďeŶefits, ďut ƌesulted iŶ the gƌeatest iŵpƌoǀeŵeŶts 
iŶ ǁell-ďeiŶg thƌough iŵpƌoǀed laŶd teŶuƌe. IŶ Liŵited PƌoduĐtioŶ )oŶes, ĐoŵŵuŶitǇ foƌestƌǇ 
pƌoǀided ŵodest ďeŶefits foƌ ďoth ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg ďeĐause ƌestƌiĐtioŶs oŶ tiŵďeƌ 
haƌǀest due to HutaŶ Desa desigŶatioŶ ƌeduĐed the fiŶaŶĐial ǁell-ďeiŶg of loggiŶg ĐoŵŵuŶities. The 
gƌeatest ĐoŶseƌǀatioŶ ďeŶefits ǁeƌe eǆpeƌieŶĐed iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶes, ďut 
ǁell-ďeiŶg iŵpƌoǀeŵeŶts ǁeƌe ŵiŶiŵal. Heƌe, liǀiŶg ĐoŶditioŶs aŶd eŶǀiƌoŶŵeŶtal ǁell-ďeiŶg ǁeƌe 
ƌeduĐed due to pƌessuƌe to iŶteŶsifǇ agƌiĐultuƌal pƌoduĐtioŶ uŶdeƌ iŶĐƌeased laŶd sĐaƌĐitǇ iŶ these 
pƌedoŵiŶaŶtlǇ Đash-Đƌop oƌieŶted ĐoŵŵuŶities.  
 Ouƌ ƌesults highlight the spatial aŶd ĐoŶteǆtual ǀaƌiatioŶ iŶ iŵpaĐts of ĐoŵŵuŶitǇ foƌestƌǇ poliĐies oŶ 
poǀeƌtǇ alleǀiatioŶ aŶd foƌest ĐoŶseƌǀatioŶ outĐoŵes. CƌuĐiallǇ, ouƌ studǇ pƌoǀides ǀital oďjeĐtiǀe 
iŶfoƌŵatioŶ foƌ futuƌe poliĐǇ deǀelopŵeŶt iŶ IŶdoŶesia aŶd otheƌ tƌopiĐal ĐouŶtƌies iŵpleŵeŶtiŶg 
ĐoŵŵuŶitǇ foƌestƌǇ sĐheŵes.  
KeǇǁoƌds: aǀoided defoƌestatioŶ; iŵpaĐt eǀaluatioŶ; ŵultidiŵeŶsioŶal ǁell-ďeiŶg; sustaiŶaďle 
deǀelopŵeŶt; ƌuƌal deǀelopŵeŶt; tƌopiĐs 
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ABSTRAK 
 HutaŶ keŵasǇarakataŶ adalah peŶdekataŶ partisipatif ǇaŶg ďertujuaŶ uŶtuk ŵeŶgelola hutaŶ seĐara 
lestari daŶ juga ŵeŶguraŶgi keŵiskiŶaŶ ŵasǇarakat pedesaaŶ. NaŵuŶ, ďukti daŵpak prograŵ hutaŶ 
keŵasǇarakataŶ uŶtuk koŶserǀasi hutaŶ daŶ peŶgeŶtasaŶ keŵiskiŶaŶ ŵasih laŶgka, daŶ terdapat 
peŵahaŵaŶ terďatas teŶtaŶg daŵpakŶǇa di ďerďagai koŶteks sosial daŶ ďiofisik. 
 Kaŵi ŵeŶerapkaŶ ŵetode MatĐhiŶg uŶtuk ŵeŶilai sejauh ŵaŶa deforestasi telah ŵeŶuruŶ daŶ 
kesejahteraaŶ desa telah ŵeŶiŶgkat seďagai akiďat dari salah satu skeŵa hutaŶ keŵasǇarakataŶ 
IŶdoŶesia, HutaŶ Desa. Kaŵi ŵeŶilai liŵa diŵeŶsi kesejahteraaŶ: dasar ;koŶdisi peŶghidupaŶͿ, fisik 
;akses kesehataŶ daŶ peŶdidikaŶͿ, keuaŶgaŶ ;peŶuŶjaŶg peŶdapataŶͿ, sosial ;keaŵaŶaŶ daŶ 
kesetaraaŶͿ, daŶ liŶgkuŶgaŶ ;peŶĐegahaŶ ďahaǇa alaŵͿ. 
 Kaŵi ŵeŶeŵukaŶ ďahǁa HutaŶ Desa ďerkaitaŶ deŶgaŶ peŶguraŶgaŶ deforestasi daŶ keŵiskiŶaŶ. 
Hasil 'ŵeŶaŶg-ŵeŶaŶg' diteŵukaŶ di ϱϭ% kasus, terdiri dari ;ϭͿ hasil positif uŶtuk hutaŶ daŶ 
keŵiskiŶaŶ, ;ϮͿ hasil positif uŶtuk satu aspek daŶ hasil ǇaŶg dapat diaďaikaŶ uŶtuk aspek laiŶŶǇa, 
atau ;ϯͿ hasil positif uŶtuk keŵiskiŶaŶ di daerah-daerah di ŵaŶa hutaŶ alaŵ sudah ŵiŶiŵ seďeluŵ 
adaŶǇa HutaŶ Desa. MaŶfaat ďagi hutaŶ daŶ ŵaŶusia ďerďeda seĐara sisteŵatis tergaŶtuŶg pada 
zoŶa peŶgguŶaaŶ lahaŶ, ǇaŶg ŵeŶĐerŵiŶkaŶ iŶteraksi halus aŶtara tekaŶaŶ aŶtropogeŶik daŶ 
karakteristik ŵata peŶĐahariaŶ ŵasǇarakat. 
 Di )oŶa HutaŶ LiŶduŶg, ǇaŶg didoŵiŶasi oleh ŵata peŶĐahariaŶ hutaŶ ďerďasis suďsisteŶ, hutaŶ 
keŵasǇarakataŶ ŵeŵďerikaŶ ŵaŶfaat koŶserǀasi riŶgaŶ, tetapi ŵeŶghasilkaŶ perďaikaŶ 
kesejahteraaŶ terďesar ŵelalui peŶiŶgkataŶ peŶgakuaŶ lahaŶ. Di )oŶa Produksi Terďatas, hutaŶ 
keŵasǇarakataŶ ŵeŵďerikaŶ ŵaŶfaat sedaŶg uŶtuk koŶserǀasi daŶ kesejahteraaŶ, kareŶa 
peŵďatasaŶ peŵaŶeŶaŶ kaǇu seďagai akiďat peŶetapaŶ HutaŶ Desa ŵeŶguraŶgi kesejahteraaŶ 
keuaŶgaŶ ŵasǇarakat peŶeďaŶgaŶ. MaŶfaat koŶserǀasi terďesar dialaŵi di )oŶa Produksi Tetap atau 
KoŶǀersi, tetapi perďaikaŶ kesejahteraaŶ saŶgat keĐil. Di siŶi, kesejahteraaŶ koŶdisi peŶghidupaŶ daŶ 
liŶgkuŶgaŶ ďerkuraŶg, kareŶa adaŶǇa tekaŶaŶ uŶtuk ŵeŶgiŶteŶsifkaŶ produksi pertaŶiaŶ seďagai 
akiďat ŵeŶiŶgkatŶǇa kelaŶgkaaŶ lahaŶ di koŵuŶitas ǇaŶg didoŵiŶasi taŶaŵaŶ koŵersial iŶi. 
 Hasil kajiaŶ kaŵi ŵeŶǇoroti ǀariasi spasial daŶ koŶtekstual daŵpak keďijakaŶ hutaŶ keŵasǇarakataŶ 
uŶtuk peŶgeŶtasaŶ keŵiskiŶaŶ daŶ koŶserǀasi hutaŶ. YaŶg terpeŶtiŶg, peŶelitiaŶ kaŵi ŵeŵďerikaŶ 
iŶforŵasi oďjektif ǇaŶg ǀital uŶtuk peŶgeŵďaŶgaŶ keďijakaŶ ŵasa depaŶ di IŶdoŶesia daŶ Ŷegara-
Ŷegara tropis laiŶŶǇa ǇaŶg ŵeŶerapkaŶ skeŵa hutaŶ keŵasǇarakataŶ. 
 ϰ 
1. INTRODUCTION 
The deǀelopiŶg ǁoƌld is eǆpeƌieŶĐiŶg uŶpƌeĐedeŶted degƌadatioŶ of the Ŷatuƌal eŶǀiƌoŶŵeŶt ;Hoekstƌa 
& WiedŵaŶŶ ϮϬϭϰͿ. While eĐoŶoŵiĐ gƌoǁth has lifted ŵillioŶs of people out of poǀeƌtǇ, ƌuƌal depƌiǀatioŶ 
ƌeŵaiŶs pƌeǀaleŶt ;Akƌaŵ-Lodhi ϮϬϬϳͿ. IŶ ƌeĐogŶitioŶ of the dual oďjeĐtiǀes of ƌeduĐiŶg poǀeƌtǇ aŶd 
iŵpƌoǀiŶg eĐosǇsteŵ ĐoŶseƌǀatioŶ, deǀelopiŶg ĐouŶtƌǇ goǀeƌŶŵeŶts aŶd iŶteƌŶatioŶal doŶoƌs aƌe 
pƌoŵotiŶg poliĐies that iŶǀolǀe ĐoŵŵuŶities iŶ eŶǀiƌoŶŵeŶtal ŵaŶageŵeŶt, suĐh as ĐoŵŵuŶitǇ foƌestƌǇ 
;CFͿ ;Boǁleƌ et al. ϮϬϭϮ; “aǇeƌ & Maƌgules ϮϬϭϳͿ. The IŶdoŶesiaŶ goǀeƌŶŵeŶt adopted CF iŶ ϮϬϭϰ, settiŶg 
aŶ aŵďitious taƌget of ϭϬ% of the ĐouŶtƌǇ͛s foƌests ;ϭϮ.ϳ MhaͿ alloĐated to this puƌpose ďǇ ϮϬϭϵ 
;NatioŶal Mediuŵ-Teƌŵ DeǀelopŵeŶt PlaŶ ;‘PJMNͿ ϮϬϭϱ–ϮϬϭϵͿ, of ǁhiĐh Đa. Ϯ.ϯ Mha has alƌeadǇ ďeeŶ 
assigŶed ;MEF ϮϬϭϴďͿ. The pƌiŶĐiple aiŵs of CF iŶ IŶdoŶesia aƌe to help alleǀiate poǀeƌtǇ aŵoŶg ƌuƌal 
ĐoŵŵuŶities, ǁhile also aǀoidiŶg defoƌestatioŶ. This shift iŶ laŶd teŶuƌe is uŶpƌeĐedeŶted iŶ IŶdoŶesia, 
aŶd is oŶe of the laƌgest CF poliĐies of aŶǇ tƌopiĐal ĐouŶtƌǇ ;Meijaaƌd et al. ϮϬϭϳͿ. AƌouŶd oŶe-thiƌd of the 
pƌoposed CF aƌea is iŶ the tƌopiĐal foƌests of KaliŵaŶtaŶ, IŶdoŶesiaŶ BoƌŶeo ;MEF ϮϬϭϴaͿ. With ŵuĐh 
ŵoƌe laŶd set to ďe alloĐated to CF, it is tiŵelǇ to eǀaluate ǁhetheƌ IŶdoŶesia͛s poliĐǇ as ĐuƌƌeŶtlǇ 
iŶteƌpƌeted is fulfilliŶg its ŵaiŶ ĐoŶseƌǀatioŶ aŶd soĐial oďjeĐtiǀes.  
EŵpiƌiĐal eǀaluatioŶs of CF haǀe ofteŶ foĐused oŶ a siŶgle peƌspeĐtiǀe; eitheƌ the ĐoŶseƌǀatioŶ 
outĐoŵe ;e.g. ‘asolofosoŶ et al. ϮϬϭϱ; “aŶtika et al. ϮϬϭϳ; LuiŶtel et al. ϮϬϭϴͿ, oƌ ǁell-ďeiŶg ;e.g. Ali & 
Beheƌa ϮϬϭϱ; ‘asolofosoŶ et al. ϮϬϭϳͿ. EǀaluatioŶs that ĐoŵďiŶe soĐio-eĐoŶoŵiĐ deǀelopŵeŶt ǁith 
eŶǀiƌoŶŵeŶtal ĐoŶseƌǀatioŶ outĐoŵes aƌe iŵpeƌatiǀe to uŶdeƌstaŶd poteŶtial tƌade-offs oƌ sǇŶeƌgies 
ďetǁeeŶ the tǁo poteŶtial iŵpaĐts, aŶd hoǁ these ǀaƌǇ aĐƌoss diffeƌeŶt soĐial aŶd laŶdsĐape ĐoŶteǆts 
;Agƌaǁal & Chhatƌe ϮϬϬϲͿ. NoŶetheless, ŵaŶǇ CF eǀaluatioŶs haǀe foĐused oŶ ǁell-ďeiŶg aspeĐts, aŶd 
haǀe tǇpiĐallǇ doŶe so ǀia loĐalized Đase-studies usiŶg a liŵited suďset of ǁell-ďeiŶg ŵeasuƌes ;Boǁleƌ et 
al. ϮϬϭϮ; Buƌiǀaloǀa et al. ϮϬϭϳ; MoŶgaďaǇ ϮϬϭϳͿ. Foƌ eǆaŵple, although theƌe haǀe ďeeŶ Ŷuŵeƌous 
studies eǆaŵiŶiŶg CF pƌogƌaŵŵes iŶ IŶdoŶesia, these haǀe foĐused ŵaiŶlǇ oŶ fiŶaŶĐial outĐoŵes aŶd 
ĐoŶfliĐt ;Taďle “ϭͿ. AssessŵeŶts that iŶtegƌate ďoth ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg peƌspeĐtiǀes aƌe ƌaƌe 
;NeǁtoŶ et al. ϮϬϭϱ; Gilŵouƌ ϮϬϭϲͿ.  
Despite the ƌiĐh liteƌatuƌe detailiŶg iŶstitutioŶal aƌƌaŶgeŵeŶts foƌ CF, theƌe aƌe feǁ studies that 
eǆaŵiŶe the ƌole of soĐioeĐoŶoŵiĐ, ŵaƌket, aŶd ďiophǇsiĐal faĐtoƌs iŶ shapiŶg aĐtual outĐoŵes ;NeǁtoŶ 
et al. ϮϬϭϱ; Hajjaƌ et al. ϮϬϭϲ; Hajjaƌ & Oldekop ϮϬϭϴͿ. Theƌe is theƌefoƌe liŵited oďjeĐtiǀe iŶfoƌŵatioŶ 
ǁith ǁhiĐh to guide the deǀelopŵeŶt of poliĐies, ŵoŶitoƌ peƌfoƌŵaŶĐe, aŶd sĐale up iŵpleŵeŶtatioŶ. 
Deepeƌ uŶdeƌstaŶdiŶg of ǁhat iŶflueŶĐes peƌfoƌŵaŶĐe ǁould also alloǁ CF poliĐies to ďe ďetteƌ tailoƌed 
foƌ ĐoŵŵuŶities to eŶhaŶĐe ďoth soĐial aŶd eŶǀiƌoŶŵeŶtal outĐoŵes ;Ostƌoŵ & NageŶdƌa ϮϬϬϲͿ. At 
pƌeseŶt theƌe is a ƌisk that CF poliĐies that fulfil eŶǀiƌoŶŵeŶtal oďjeĐtiǀes Đould ƌesult iŶ Ŷegatiǀe iŵpaĐts 
oŶ poǀeƌtǇ, oƌ ǀiĐe ǀeƌsa; Ǉet ĐoŵpƌeheŶsiǀe ďaseliŶe assessŵeŶts that eŶaďle ƌeliaďle ŵoŶitoƌiŶg aŶd 
eǀaluatioŶ aƌe ofteŶ laĐkiŶg.  
Foƌ CF poliĐǇ eǀaluatioŶ to ďe ƌoďust aŶǇ attƌiďutioŶ of ĐhaŶges iŶ foƌest Đoǀeƌ oƌ poǀeƌtǇ due to 
the poliĐǇ should ďe Đoŵpaƌed to the ĐouŶteƌfaĐtual ĐoŶditioŶ of Ŷo CF oƌ otheƌ ĐoŶfouŶdiŶg faĐtoƌs 
;BaǇlis et al. ϮϬϭϲ; LaŶ & YiŶ ϮϬϭϳͿ. PoliĐǇ iŶstƌuŵeŶts usuallǇ taƌget ĐeƌtaiŶ populatioŶs ǁith speĐifiĐ 
uŶdeƌlǇiŶg ĐhaƌaĐteƌistiĐs, theƌeďǇ iŶtƌoduĐiŶg seleĐtioŶ ďias ǁheŶ ŵeasuƌiŶg peƌfoƌŵaŶĐe aŶd ŵaskiŶg 
tƌue outĐoŵes. MatĐhiŶg teĐhŶiƋues seleĐt ĐoŶtƌols ǁith siŵilaƌ oďseƌǀed ĐhaƌaĐteƌistiĐs as the 
populatioŶs ƌeĐeiǀiŶg the iŶteƌǀeŶtioŶ, aŶd thus ĐaŶ oǀeƌĐoŵe suĐh ďias ďǇ pƌoǀidiŶg a faiƌ aŶd ƌeliaďle 
ǁaǇ of ĐoŵpaƌiŶg sites ǁith diffeƌeŶt iŶteƌǀeŶtioŶ eǆposuƌe ;Dehejia & Wahďa ϮϬϬϮͿ. MatĐhiŶg ŵethods 
haǀe ďeeŶ used ǁidelǇ iŶ assessiŶg the iŵpaĐt of pƌoteĐted aƌeas ;e.g. Feƌƌaƌo & HaŶaueƌ ϮϬϭϭͿ aŶd 
ĐeƌtifiĐatioŶ of loggiŶg opeƌatioŶs ;e.g. Miteǀa et al. ϮϬϭϱͿ, ďut theiƌ use iŶ CF eǀaluatioŶ is uŶĐoŵŵoŶ 
;e.g. ‘asolofosoŶ et al. ϮϬϭϱ; ϮϬϭϳͿ. 
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Heƌe ǁe deteƌŵiŶe the eǆteŶt to ǁhiĐh CF iŶ IŶdoŶesia has ƌesulted iŶ ďoth ƌeduĐed 
defoƌestatioŶ aŶd iŵpƌoǀed ǁell-ďeiŶg. Well-ďeiŶg is ŵultidiŵeŶsioŶal, aŶd iŶĐoƌpoƌates eĐoŶoŵiĐ, 
soĐial aŶd eŶǀiƌoŶŵeŶtal peƌspeĐtiǀes ;Alkiƌe & “aŶtos ϮϬϭϰͿ. The aspeĐts of ǁell-ďeiŶg eǆaŵiŶed 
iŶĐlude: ;ϭͿ ďasiĐ ;liǀiŶg ĐoŶditioŶsͿ, ;ϮͿ phǇsiĐal ;aĐĐess to health aŶd eduĐatioŶͿ, ;ϯͿ fiŶaŶĐial ;iŶĐoŵe 
suppoƌtͿ, ;ϰͿ soĐial ;seĐuƌitǇ aŶd eƋuitǇͿ, aŶd ;ϱͿ eŶǀiƌoŶŵeŶtal ;Ŷatuƌal hazaƌd pƌeǀeŶtioŶͿ. We foĐus ouƌ 
soĐio-eĐologiĐal aŶalǇsis oŶ HutaŶ Desa oƌ ͚Village Foƌest͛, the ŵaiŶ CF sĐheŵe ďeiŶg applied iŶ 
KaliŵaŶtaŶ aŶd elseǁheƌe iŶ IŶdoŶesia. HutaŶ Desa aiŵs to ƌeduĐe poǀeƌtǇ aŶd iŵpƌoǀe the soĐial 
ǁelfaƌe aŶd foƌest use ƌights of ŵaƌgiŶalized ĐoŵŵuŶities ďǇ alloǁiŶg foƌests to ďe pƌoteĐted aŶd 
ŵaŶaged ĐoŵŵuŶallǇ thƌough the authoƌitǇ of a ǀillage head ;MǇeƌs & AƌdiaŶsǇah ϮϬϭϰͿ. HutaŶ Desa 
liĐeŶĐes aƌe gƌaŶted ďǇ the MiŶistƌǇ of EŶǀiƌoŶŵeŶt aŶd FoƌestƌǇ thƌough a ƌigoƌous seleĐtioŶ pƌoĐess, 
ǁheƌe the appƌoǀal of the liĐeŶĐe is ďased oŶ the pƌoǀisioŶ of a ŵaŶageŵeŶt plaŶ ǁith goals toǁaƌds 
sustaiŶaďle deǀelopŵeŶt aŶd ĐoŶseƌǀatioŶ, stƌoŶg paƌtiĐipatioŶ fƌoŵ the loĐal ĐoŵŵuŶitǇ, aŶd 
Đollaďoƌatiǀe ƌelatioŶships ǁith eǆteƌŶal paƌtŶeƌs, suĐh as ŶoŶ-goǀeƌŶŵeŶtal oƌgaŶizatioŶs ;“isĐaǁati et 
al. ϮϬϭϳͿ. We assessed: ;ϭͿ the assoĐiatioŶ ďetǁeeŶ HutaŶ Desa, defoƌestatioŶ ƌates aŶd the ĐhaŶge iŶ 
diffeƌeŶt aspeĐts of ǀillage ǁell-ďeiŶg; aŶd ;ϮͿ ǀaƌiatioŶ of these assoĐiatioŶs iŶ diffeƌeŶt aƌeas iŶ 
KaliŵaŶtaŶ. Fƌoŵ ouƌ ƌesults ǁe pƌoǀide ƌeĐoŵŵeŶdatioŶs to iŵpƌoǀe CF poliĐǇ that ƌefleĐt hoǁ 
peƌfoƌŵaŶĐe ǀaƌies iŶ diffeƌeŶt ĐoŶteǆts. 
2. MATERIALS AND METHODS 
2.1. Study area, land-use zones and unit of analysis 
KaliŵaŶtaŶ Đoǀeƌs ϱϯϬ,ϬϬϬ kŵϮ ǁithiŶ fiǀe pƌoǀiŶĐes. Heƌe, aŶd elseǁheƌe iŶ IŶdoŶesia, HutaŶ Desa 
liĐeŶses aƌe gƌaŶted iŶ diffeƌeŶt state foƌest zoŶes: Wateƌshed PƌoteĐtioŶ )oŶe ;ǁheƌe tiŵďeƌ haƌǀestiŶg 
is pƌohiďitedͿ; Liŵited PƌoduĐtioŶ )oŶe ;ǁheƌe tiŵďeƌ haƌǀestiŶg is peƌŵitted, ďut ǁithiŶ ƋuotasͿ; oƌ 
PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe ;ǁheƌe soŵe foƌest ĐleaƌiŶg is peƌŵittedͿ ;Fig. ϭAͿ. HutaŶ 
Desa haǀe tǇpiĐallǇ ďeeŶ gƌaŶted outside aĐtiǀe foƌest aŶd agƌiĐultuƌal ĐoŶĐessioŶs ;i.e. loggiŶg 
ĐoŶĐessioŶs, tiŵďeƌ oƌ oil palŵ plaŶtatioŶsͿ. BǇ ϮϬϭϴ, ϭϬϱ HutaŶ Desa liĐeŶĐes ;~ϯϳϲ,ϬϬϬ haͿ had ďeeŶ 
gƌaŶted iŶ KaliŵaŶtaŶ, ǁith ϱϴ% assigŶed iŶ Wateƌshed PƌoteĐtioŶ )oŶe, ϭϴ% iŶ Liŵited PƌoduĐtioŶ 
)oŶe, aŶd Ϯϰ% iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe ;MEF ϮϬϭϴaͿ. 
Ouƌ assessŵeŶt iŶĐluded ϰϭ HutaŶ Desa ŵaŶageŵeŶt aƌeas ;total ϭ,ϯϬϬ kŵϮͿ that had ďeeŶ 
appƌoǀed aŶd faĐilitated ďǇ eǆteƌŶal oƌgaŶizatioŶs ďetǁeeŶ ϮϬϬϵ aŶd ϮϬϭϰ, the latest peƌiod 
ĐoƌƌespoŶdiŶg to suffiĐieŶt foƌest Đoǀeƌ aŶd ǁell-ďeiŶg data. The spatial uŶit of the aŶalǇsis ǁas ϭϭ kŵϮ 
gƌid-Đell ƌesolutioŶ foƌ the defoƌestatioŶ outĐoŵe, aŶd ǀillage ďouŶdaƌies foƌ ǁell-ďeiŶg. We assessed the 
peƌfoƌŵaŶĐe of HutaŶ Desa foƌ eaĐh laŶd-use zoŶe, ďeĐause ƌegulatioŶ oŶ the aŵouŶt of tiŵďeƌ 
eǆtƌaĐtioŶ peƌŵitted ǁithiŶ HutaŶ Desa ďouŶdaƌies diffeƌs ďǇ zoŶe. Tiŵďeƌ eǆtƌaĐtioŶ is pƌohiďited iŶ 
HutaŶ Desa gƌaŶted iŶ Wateƌshed PƌoteĐtioŶ )oŶe, ďut iŶ PƌoduĐtioŶ )oŶes ;iŶĐludiŶg Liŵited PƌoduĐtioŶ 
)oŶe aŶd PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶeͿ tiŵďeƌ eǆtƌaĐtioŶ is peƌŵitted up to ϱϬ ŵϯ peƌ 
HutaŶ Desa ŵaŶageŵeŶt aƌea peƌ Ǉeaƌ foƌ ŶoŶ-ĐoŵŵeƌĐial use as loŶg as this does Ŷot ƌesult iŶ Ŷet 




Fig. ϭ. The distƌiďutioŶ of HutaŶ Desa aŶd laŶd-use zoŶes aĐƌoss KaliŵaŶtaŶ ďǇ FeďƌuaƌǇ ϮϬϭϱ ;AͿ; ǀillage 
pƌiŵaƌǇ liǀelihoods seĐtoƌs ;BͿ; aŶd the ďƌeak doǁŶ of liǀelihoods aĐĐoƌdiŶg to zoŶe ;CͿ. BlaĐk liŶes iŶ the 
ŵaps iŶdiĐate pƌoǀiŶĐial aŶd ŶatioŶal ďouŶdaƌies. 
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Liǀelihoods iŶ KaliŵaŶtaŶ aƌe pƌiŵaƌilǇ suďsisteŶĐe-ďased ;sǁiddeŶ faƌŵiŶg, fishiŶg, aŶd foƌest 
pƌoduĐt ĐolleĐtioŶ iŶ Đoŵpleǆ agƌofoƌestƌǇ laŶdsĐapesͿ, plaŶtatioŶs ;polǇĐultuƌe plaŶtatioŶs of ƌuďďeƌ, oil 
palŵ, Đoffee, aŶd/oƌ ĐoĐoŶut, oƌ ŵoŶoĐultuƌe plaŶtatioŶs of oil palŵͿ, aŶd otheƌ seĐtoƌs ;iŶĐludiŶg 
hoƌtiĐultuƌe, aƋuaĐultuƌe, liǀestoĐk, aŶd Đoastal fisheƌǇͿ ;BP“ IŶdoŶesia ϮϬϭϳͿ. Laƌge-sĐale loggiŶg aŶd oil 
palŵ ĐoŶĐessioŶs aƌe also ǁidespƌead ;“aŶtika et al. ϮϬϭϱ; Gaǀeau et al. ϮϬϭϲͿ. CoŵďiŶiŶg iŶfoƌŵatioŶ oŶ 
liǀelihoods aŶd ĐoŶĐessioŶ tǇpes pƌoǀides ŵoƌe ŶuaŶĐed iŶfoƌŵatioŶ oŶ liǀelihood seĐtoƌs aĐƌoss 
KaliŵaŶtaŶ͛s ǀillages: ;ϭͿ suďsisteŶĐe liǀelihoods outside aŶǇ ĐoŶĐessioŶs, ;ϮͿ suďsisteŶĐe liǀelihoods 
ǁithiŶ loggiŶg ĐoŶĐessioŶs, ;ϯͿ plaŶtatioŶs outside aŶǇ ĐoŶĐessioŶs ;ŵaiŶlǇ polǇĐultuƌe plaŶtatioŶ 
sŵallholdeƌsͿ, ;ϰͿ plaŶtatioŶs ǁithiŶ oil palŵ ĐoŶĐessioŶs ;ŵaiŶlǇ laƌge ĐoŵpaŶǇ plaŶtatioŶs aŶd 
sŵallholdeƌs opeƌatiŶg as paƌt of the ŶuĐleus estate sǇsteŵ ǁith ĐoopeƌatioŶ ďetǁeeŶ ĐoŵpaŶǇ 
plaŶtatioŶs aŶd sŵallholdeƌs iŶ teƌŵs of Đapital aŶd laďouƌ supplǇͿ, aŶd ;ϱͿ otheƌ seĐtoƌs ;Fig. ϭBͿ.  
IŶ the Wateƌshed PƌoteĐtioŶ )oŶe, ŵost ĐoŵŵuŶities ƌelǇ oŶ suďsisteŶĐe liǀelihoods outside 
ĐoŶĐessioŶs ;liǀelihood ĐategoƌǇ ϭͿ, ǁheƌeas iŶ the Liŵited PƌoduĐtioŶ )oŶe, suďsisteŶĐe liǀelihoods 
ǁithiŶ loggiŶg ĐoŶĐessioŶs ;liǀelihood ĐategoƌǇ ϮͿ aƌe the Ŷoƌŵ ;Fig. ϭCͿ. The iŶdigeŶous DaǇak also teŶd 
to Đoŵpƌise ŵoƌe of the populatioŶ iŶ the Wateƌshed PƌoteĐtioŶ )oŶe aŶd Liŵited PƌoduĐtioŶ )oŶe thaŶ 
iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶes ;Fig. “ϭͿ. IŶ the PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ 
)oŶes, plaŶtatioŶs, ďoth outside aŶd ǁithiŶ oil-palŵ ĐoŶĐessioŶs ;liǀelihood Đategoƌies ϯ aŶd ϰͿ, 
doŵiŶate ;Fig. ϭCͿ, aŶd the pƌopoƌtioŶ of ŶoŶ-iŶdigeŶous people, iŶĐludiŶg ŵigƌaŶts fƌoŵ Jaǀa aŶd 
“uŵatƌa, is also ƌelatiǀelǇ high ;Fig. “ϭͿ.  
2.2. Data on well-being 
IŶdiĐatoƌs of ǁell-ďeiŶg ǁeƌe deƌiǀed fƌoŵ PoteŶsi Desa ;PODE“; ͚Village PoteŶtial͛Ϳ data fƌoŵ the 
IŶdoŶesiaŶ goǀeƌŶŵeŶt. PODE“ is a puďliĐlǇ aǀailaďle ǀillage-leǀel soĐioeĐoŶoŵiĐ dataset ĐolleĐted eǀeƌǇ 
Ϯ-ϰ Ǉeaƌs ďǇ the Buƌeau of “tatistiĐs IŶdoŶesia ;BP“ IŶdoŶesia ϮϬϭϳͿ. The data ƌepƌeseŶt the oǀeƌall 
soĐioeĐoŶoŵiĐ ĐoŶditioŶs iŶ a ǀillage, aŶd thus do Ŷot Đaptuƌe the ǀaƌiatioŶ aŶd dispaƌitǇ iŶ 
soĐioeĐoŶoŵiĐ iŶdiĐatoƌs aŵoŶg diffeƌeŶt suď-ǀillages oƌ households. ‘atheƌ, the data pƌoǀide a useful 
ǁaǇ to Đoŵpaƌe ǀillage adŵiŶistƌatiǀe uŶits oǀeƌ laƌge spatial eǆteŶts aŶd oǀeƌ tiŵe.  
PODE“ data aƌe ĐolleĐted fƌoŵ ǀillage head offiĐes. The ƌeliaďilitǇ of data, theƌefoƌe, ŵaǇ ǀaƌǇ 
aĐƌoss diffeƌeŶt ǀillages, ƌesultiŶg iŶ poteŶtial foƌ ďias. Hoǁeǀeƌ, should this ďias pƌopagate suffiĐieŶtlǇ to 
affeĐt the outĐoŵe of aŶalǇsis, theŶ ǁe ǁould eǆpeĐt it to oǀeƌƌide the sigŶal of CF ;i.e. Ŷo iŵpaĐt of 
HutaŶ Desa ǁould ďe oďseƌǀedͿ, as opposed to oǀeƌstatiŶg ;oƌ uŶdeƌstatiŶgͿ the iŵpaĐt. PODE“ is the 
ďest soĐioeĐoŶoŵiĐ dataset aǀailaďle at suffiĐieŶt spatial ƌesolutioŶ iŶ IŶdoŶesia. The data haǀe ďeeŶ 
used eǆteŶsiǀelǇ iŶ ƌuƌal deǀelopŵeŶt studies ;Taďle “ϮͿ aŶd haǀe pƌoǀeŶ useful foƌ ŵoŶitoƌiŶg the 
ǀaƌious soĐioeĐoŶoŵiĐ iŵpaĐts of laŶd-use poliĐǇ iŶteƌǀeŶtioŶs ;e.g. BaƌƌoŶ et al. ϮϬϬϵ, Miteǀa et al. 
ϮϬϭϱ, Jaggeƌ & ‘aŶa ϮϬϭϳͿ.  
We used ϭϲ iŶdiĐatoƌs deƌiǀed fƌoŵ PODE“ ϮϬϬϴ aŶd ϮϬϭϰ ĐolleĐtioŶs as pƌoǆies foƌ the ĐhaŶge iŶ 
fiǀe aspeĐts of ǁell-ďeiŶg ;Taďle ϭͿ. The ĐhoiĐe of iŶdiĐatoƌs aŶd diƌeĐtioŶalitǇ of the effeĐts oŶ ǁell-ďeiŶg 
ǁas iŶfoƌŵed ďǇ eǆistiŶg ŵethodologies used to assess poǀeƌtǇ, suĐh as the MultidiŵeŶsioŶal PoǀeƌtǇ 
IŶdeǆ ;Alkiƌe & “aŶtos ϮϬϭϰͿ, the “ustaiŶaďle Liǀelihood AppƌoaĐh ;“ĐooŶes ϭϵϵϴͿ, aŶd the Nested 
“pheƌes of PoǀeƌtǇ tool ;GöŶŶeƌ et al. ϮϬϬϳͿ ;Fig. “ϮͿ. Fuƌtheƌ detail oŶ iŶdiĐatoƌs aŶd justifiĐatioŶ foƌ 
theiƌ diƌeĐtioŶalitǇ is pƌoǀided iŶ “uppleŵeŶtaƌǇ Mateƌials aŶd Taďle “ϯ. We ƌeĐogŶise that ŵoƌe 
suďjeĐtiǀe, ŶoŶ-ŵateƌial, iŶdiĐatoƌs eǆist to ŵeasuƌe poǀeƌtǇ aŶd huŵaŶ ǁell-ďeiŶg ;ChaŶ et al. ϮϬϭϮ; 
BiedeŶǁeg et al. ϮϬϭϰ; Bƌesloǁ et al. ϮϬϭϲͿ. Hoǁeǀeƌ, these aƌe diffiĐult to aggƌegate at the ǀillage-leǀel 
aŶd aƌe Ŷot aǀailaďle ǁithiŶ the PODE“ dataset. Ouƌ aŶalǇses should theƌefoƌe ďe iŶteƌpƌeted as 
doĐuŵeŶtiŶg ĐhaŶges iŶ oďjeĐtiǀe, ŵateƌial aspeĐts of ǁell-ďeiŶg. 
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Taďle ϭ. PODE“ ǀaƌiaďles used as pƌoǆies foƌ fiǀe aspeĐts of ǁell-ďeiŶg: ďasiĐ, phǇsiĐal, fiŶaŶĐial, soĐial, 
aŶd eŶǀiƌoŶŵeŶtal. ǁk deŶotes the diƌeĐtioŶal effeĐt of the ĐhaŶge iŶ iŶdiĐatoƌ k that defiŶes 
iŵpƌoǀeŵeŶt iŶ ǁell-ďeiŶg. If ǁk=ϭ, theŶ positiǀe ĐhaŶge ;i.e. aŶ iŶĐƌeaseͿ iŶ iŶdiĐatoƌ k ƌepƌeseŶts 
iŵpƌoǀeŵeŶt iŶ ǁell-ďeiŶg. If ǁk=ϭ, theŶ Ŷegatiǀe ĐhaŶge ;oƌ ƌeduĐtioŶͿ iŶ iŶdiĐatoƌ k ƌepƌeseŶts 
iŵpƌoǀeŵeŶt iŶ ǁell-ďeiŶg.  
DiƌeĐtioŶal effeĐt of the ĐhaŶge iŶ ǀaƌiaďle 
k that defiŶes iŵpƌoǀeŵeŶt  AspeĐt of ǁell-ďeiŶg PODES ǀaƌiaďle ;kͿ Vaƌiaďle ƌespoŶse 
ǁk MeaŶiŶg 
PƌopoƌtioŶ of households ǁith 
pooƌ housiŶg ĐoŶditioŶs * 
CoŶtiŶuous -ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ feǁeƌ 
households haǀe pooƌ housiŶg 
ĐoŶditioŶs. 
PƌopoƌtioŶ of households ǁith 
eleĐtƌiĐitǇ * 
CoŶtiŶuous ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ ŵoƌe 
households haǀe eleĐtƌiĐitǇ. 
IŶĐideŶts of Đhild ŵalŶutƌitioŶ 
iŶ the last Ǉeaƌ Ώ 
CoŶtiŶuous -ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ theƌe aƌe 
feǁeƌ ŵalŶutƌitioŶ iŶĐideŶts. 








-ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ theƌe is 
ĐhaŶge to loǁeƌ fuel, e.g. a ĐhaŶge 




Toilet faĐilities foƌ ŵajoƌitǇ of 
households 
CategoƌiĐal ;ϭ=oǁŶ 
toilet, Ϯ=joiŶt toilet, 
ϯ=puďliĐ toilet, 
ϰ=ŶoŶ-toiletͿ 
-ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ theƌe is 
ĐhaŶge to a loǁeƌ ĐategoƌǇ, e.g. a 
ĐhaŶge fƌoŵ ĐategoƌǇ Ϯ ;joiŶt toiletͿ 
to ϭ ;oǁŶ toiletͿ. 
DistaŶĐe to Ŷeaƌest health 
faĐilitǇ 
CoŶtiŶuous -ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ health 
faĐilities aƌe ŶeaƌďǇ.  
DistaŶĐe to Ŷeaƌest pƌiŵaƌǇ 
sĐhool 
CoŶtiŶuous -ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ pƌiŵaƌǇ 
sĐhools aƌe ŶeaƌďǇ. 
Physical  
;AĐĐess to health 
aŶd eduĐatioŶͿ 
DistaŶĐe to Ŷeaƌest seĐoŶdaƌǇ 
sĐhool 
CoŶtiŶuous -ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ seĐoŶdaƌǇ 
sĐhools aƌe ŶeaƌďǇ. 
Nuŵďeƌ of aĐtiǀe ǀillage 
Đoopeƌatiǀe sĐheŵes oƌ otheƌ 
ƌelated sĐheŵes ΐ 
CoŶtiŶuous ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ aĐtiǀe 
Đoopeƌatiǀe sĐheŵes oƌ otheƌ ƌelated 
sĐheŵes aƌe ŵoƌe pƌeǀaleŶt. 
Nuŵďeƌ of Đƌedit sĐheŵes 
ƌeĐeiǀed ďǇ faƌŵeƌs oƌ 
ĐoŵŵuŶiƟes iŶ the last Ǉeaƌ ΐ 
CoŶtiŶuous ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ theƌe aƌe 




Nuŵďeƌ of sŵall eŶteƌpƌises 
;<ϮϬ eŵploǇeesͿ ΐ 
CoŶtiŶuous ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ sŵall 
eŶteƌpƌises aƌe ŵoƌe pƌeǀaleŶt. 
FƌeƋueŶĐǇ of ĐoŶfliĐts aŵoŶg 
ĐoŵŵuŶities iŶ the last Ǉeaƌ 
CoŶtiŶuous -ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ ĐoŶfliĐts 
aƌe less pƌeǀaleŶt. 
Social 
;“eĐuƌitǇ aŶd 
eƋuitǇͿ PƌopoƌtioŶ of faŵilies ǁith 
agƌiĐultuƌal ǁage laďouƌeƌs ** 
CoŶtiŶuous -ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ faŵilies 
ǁith agƌiĐultuƌal ǁage laďouƌeƌs aƌe 
less pƌeǀaleŶt. 
FƌeƋueŶĐǇ of floods aŶd 
laŶdslides iŶ the last thƌee 
Ǉeaƌs 
CoŶtiŶuous -ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ floods aŶd 
laŶdslides aƌe less fƌeƋueŶt. 
Wateƌ pollutioŶ iŶ the last Ǉeaƌ CategoƌiĐal ;ϭ=ŶoŶe, 
Ϯ=ŵild, ϯ=seǀeƌeͿ 
-ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ theƌe is a 
ĐhaŶge to a loǁeƌ ǁateƌ pollutioŶ 
ĐategoƌǇ, e.g. a ĐhaŶge fƌoŵ ĐategoƌǇ 





Aiƌ pollutioŶ iŶ the last Ǉeaƌ CategoƌiĐal ;ϭ=ŶoŶe, 
Ϯ=ŵild, ϯ=seǀeƌeͿ 
-ϭ Well-ďeiŶg iŵpƌoǀes ǁheŶ theƌe is 
ĐhaŶge to loǁeƌ aiƌ pollutioŶ 
ĐategoƌǇ, e.g. a ĐhaŶge fƌoŵ ĐategoƌǇ 
Ϯ ;ŵildͿ to ϭ ;ŶoŶeͿ. 
Ώ peƌ ϭ,ϬϬϬ people, ΐ peƌ ϭϬϬ households, * of total households, ** of total agƌiĐultuƌe faŵilies 
 ϵ 
2.3. Data on deforestation 
We used defoƌestatioŶ ƌate as aŶ iŶdiĐatoƌ of foƌest ĐoŶseƌǀatioŶ. We assessed the iŵpaĐt of HutaŶ Desa 
oŶ defoƌestatioŶ ƌates ďased oŶ data ďetǁeeŶ ϮϬϭϬ aŶd ϮϬϭϰ to ƌoughlǇ ŵatĐh the tiŵe peƌiod Đoǀeƌed 
ďǇ the PODE“ data. DefoƌestatioŶ ƌates ǁeƌe deƌiǀed fƌoŵ the foƌest loss ǀaƌiaďle iŶ the Gloďal Foƌest 
ChaŶge ;GFCͿ dataset ;HaŶseŶ et al. ϮϬϭϯͿ. The GFC dataset does Ŷot distiŶguish ďetǁeeŶ the loss of 
Ŷatuƌal foƌest aŶd that of tƌee plaŶtatioŶs. Theƌefoƌe, to ƌestƌiĐt ouƌ aŶalǇsis to Ŷatuƌal foƌest loss, ǁe 
used the eǆteŶt of Ŷatuƌal foƌest iŶ ϮϬϭϬ deƌiǀed fƌoŵ MaƌgoŶo et al. ;ϮϬϭϰͿ. Natuƌal foƌest is defiŶed as 
a ŵatuƌe foƌest that has Ŷot ďeeŶ ĐoŵpletelǇ Đleaƌed iŶ the last ϯϬ Ǉeaƌs. The GFC dataset ǁas theŶ 
ƌestƌiĐted to the eǆteŶt of Ŷatuƌal foƌest iŶ ϮϬϭϬ. The GFC aŶd Ŷatuƌal foƌest eǆteŶt data ďoth haǀe spatial 
ƌesolutioŶ ϯϬ×ϯϬ ŵϮ, aŶd ǁe aŶalǇsed foƌest Đoǀeƌ ĐhaŶge aŶŶuallǇ iŶ heĐtaƌes at a spatial ƌesolutioŶ of 
ϭ×ϭ kŵϮ. We foĐused oŶ defoƌestatioŶ of iŶtaĐt Ŷatuƌal foƌest, i.e. ϭ×ϭ kŵϮ gƌid-Đells ǁith >ϴϬ heĐtaƌes of 
Ŷatuƌal foƌest iŶ the ďegiŶŶiŶg of HutaŶ Desa teŶuƌe. AŵoŶg the ϰϭ HutaŶ Desa aƌeas ǁe eǆaŵiŶed, ϯϮ 
ǁeƌe ŵostlǇ ;>ϳϬ%Ϳ Đoǀeƌed ďǇ Ŷatuƌal foƌest iŶ ϮϬϭϬ, aŶd ǁeƌe iŶĐluded iŶ ouƌ defoƌestatioŶ 
assessŵeŶt. BeĐause iŶteƌaŶŶual Đliŵate ǀaƌiatioŶ ďetǁeeŶ ϮϬϭϬ aŶd ϮϬϭϰ ǁas ǁithiŶ the Ŷoƌŵal ƌaŶge 
;ŵostlǇ Đategoƌized as ŶoŶ-dƌǇ Ǉeaƌs, Fig. “ϯͿ, ǁe assuŵed that defoƌestatioŶ ǁas laƌgelǇ dƌiǀeŶ ďǇ 
aŶthƌopogeŶiĐ aĐtiǀities duƌiŶg this peƌiod, ƌatheƌ thaŶ dƌought-iŶduĐed fiƌe. 
2.4. Confounding variables  
We ĐoŶtƌolled foƌ poteŶtiallǇ ĐoŶfouŶdiŶg ǀaƌiaďles iŶ the assessŵeŶt of HutaŶ Desa peƌfoƌŵaŶĐe iŶ 
teƌŵs of ǁhiĐh loĐatioŶs ǁeƌe seleĐted foƌ HutaŶ Desa aŶd the outĐoŵe ďeiŶg ŵeasuƌed ;Taďle ϮͿ. These 
iŶĐluded ǀaƌiaďles ƌepƌeseŶtiŶg: ;aͿ HutaŶ Desa assigŶŵeŶt, ;ďͿ soĐio-politiĐal faĐtoƌs, ;ĐͿ aĐĐessiďilitǇ oƌ 
ŵaƌket ǀalue, aŶd ;dͿ agƌiĐultuƌal pƌoduĐtiǀitǇ. 
LiĐeŶses foƌ HutaŶ Desa aƌe gƌaŶted iŶ state foƌest laŶd iŶ diffeƌeŶt laŶd-use zoŶes. To ĐoŶtƌol foƌ 
this ǁe deteƌŵiŶed the doŵiŶaŶt legalized laŶd-use zoŶe ;ǀaƌiaďle L)ONEͿ of eaĐh paƌĐel. We used 
pƌoǀiŶĐial ďouŶdaƌies ;ǀaƌiaďle PROVͿ, the pƌeseŶĐe of a ŶoŶ-goǀeƌŶŵeŶtal oƌgaŶizatioŶ ;NGOͿ 
paƌtŶeƌship ;ǀaƌiaďle NGOͿ, pƌiŵaƌǇ liǀelihood of ĐoŵŵuŶities ;ǀaƌiaďle LVHDͿ, aŶd iŶdiĐatoƌ of ǁell-
ďeiŶg pƌioƌ to HutaŶ Desa desigŶatioŶ iŶ ϮϬϬϴ ;ǀaƌiaďle WLBͿ as pƌoǆies foƌ soĐio-politiĐal faĐtoƌs. 
DeĐeŶtƌalizatioŶ of goǀeƌŶŵeŶt fuŶĐtioŶs to pƌoǀiŶĐial leǀels has ďeeŶ ideŶtified as a keǇ dƌiǀeƌ of 
agƌiĐultuƌe eǆpaŶsioŶ ;‘esosudaƌŵo ϮϬϬϰ; MoelioŶo & Liŵďeƌg ϮϬϭϮͿ. EĐoŶoŵiĐ gƌoǁth ĐaŶ also ǀaƌǇ 
aĐƌoss diffeƌeŶt pƌoǀiŶĐes ;“uƌǇahadi et al. ϮϬϬϵͿ. NGO paƌtŶeƌships aƌe pƌe-ƌeƋuisite to applǇiŶg foƌ a 
HutaŶ Desa liĐeŶse ;“isĐaǁati et al. ϮϬϭϳͿ, aŶd ƌeĐogŶized as aŶ iŵpoƌtaŶt faĐtoƌ iŶ iŵpƌoǀiŶg the 
peƌfoƌŵaŶĐe of ĐoŵŵuŶitǇ foƌestƌǇ ;AkiefŶaǁati et al. ϮϬϭϬͿ. Theƌefoƌe, the Ŷet iŵpaĐt of HutaŶ Desa 
teŶuƌe should aĐĐouŶt foƌ the NGO iŶflueŶĐe iŶ the defoƌestatioŶ aŶd ǁell-ďeiŶg outĐoŵe ǁithiŶ HutaŶ 
Desa aƌea. The iŶdiĐatoƌ of ǁell-ďeiŶg pƌioƌ to HutaŶ Desa desigŶatioŶ pƌoǀides a ďaseliŶe to ĐoŶtƌol foƌ 
iŶitial ĐoŶditioŶs that ŵaǇ ďias iŵpaĐt estiŵates.  
We used eleǀatioŶ ;ǀaƌiaďle ELEVͿ, slope ;ǀaƌiaďle SLOPEͿ, pƌoǆiŵitǇ to laƌge Đities oƌ aƌteƌial 
ƌoads ;ǀaƌiaďle CITYͿ, aŶd huŵaŶ populatioŶ deŶsitǇ ;ǀaƌiaďle POPͿ as pƌoǆies foƌ ŵaƌket ǀalue. 
CoŵŵuŶities liǀiŶg iŶ aƌeas Đloseƌ to ƌoads, at loǁeƌ eleǀatioŶ aŶd flat teƌƌaiŶ, aŶd iŶ aƌeas of higheƌ 
huŵaŶ populatioŶ deŶsitǇ teŶd to haǀe ďetteƌ soĐioeĐoŶoŵiĐ ǁelfaƌe thaŶ those liǀiŶg iŶ ƌeŵote aƌeas 




Taďle Ϯ. CoŶfouŶdiŶg ǀaƌiaďles ĐoŶtƌolled foƌ iŶ the assessŵeŶt of the iŵpaĐts of HutaŶ Desa oŶ 
defoƌestatioŶ aŶd ǁell-ďeiŶg. 
Vaƌiaďle DesĐƌiptioŶ TǇpe ;SĐale/RespoŶseͿ Data souƌĐe 
HUTAN DESA ASSIGNMENT 
L)ONE Legalized laŶd-use zoŶe CategoƌiĐal 
;HL=Wateƌshed PƌoteĐtioŶ )oŶe, 
HPT=Liŵited PƌoduĐtioŶ )oŶe, 




PROV PƌoǀiŶĐial ďouŶdaƌies CategoƌiĐal ;W=West, “=“outh, 
C=CeŶtƌal, E=East, aŶd N=Noƌth 
KaliŵaŶtaŶ pƌoǀiŶĐeͿ 
PƌoǀiŶĐial Map ;BIG ϮϬϭϱͿ 
NGO NGO iŶǀolǀeŵeŶt CategoƌiĐal ;ϭ=Yes, Ϭ=NoͿ PIAP“ ;MEF ϮϬϭϴaͿ 
LVHD Village pƌiŵaƌǇ 
liǀelihood ;Fig. ϭBͿ 
CategoƌiĐal 
;ϭ=suďsisteŶĐe liǀelihoods outside 
ĐoŶĐessioŶs,  
Ϯ=suďsisteŶĐe liǀelihoods ǁithiŶ 
loggiŶg ĐoŶĐessioŶs,  
ϯ=plaŶtatioŶs outside ĐoŶĐessioŶs, 
ϰ=plaŶtatioŶs ǁithiŶ oil-palŵ 
ĐoŶĐessioŶs, aŶd 
ϱ=otheƌ seĐtoƌs. 
PoteŶsi Desa ;PODE“Ϳ data ;BP“ 
IŶdoŶesia ϮϬϭϳͿ foƌ liǀelihood, MEF 
;ϮϬϭϲďͿ aŶd “aŶtika et al. ;ϮϬϭϱͿ foƌ 
loggiŶg ĐoŶĐessioŶs, tiŵďeƌ 
plaŶtatioŶ ĐoŶĐessioŶs, aŶd oil palŵ 
ĐoŶĐessioŶs 
WLBk BaseliŶe ǁell-ďeiŶg 
iŶdiĐatoƌ k iŶ ϮϬϬϴ 
;Taďle ϭͿ 
Eitheƌ ĐoŶtiŶuous oƌ ĐategoƌiĐal PoteŶsi Desa ;PODE“Ϳ data ;BP“ 
IŶdoŶesia ϮϬϭϳͿ 
MARKET VALUE 
ELEV Altitude CoŶtiŶuous ;log;ŵͿͿ “‘TM ϵϬŵ Digital EleǀatioŶ Dataďase 
ǀϰ.ϭ ;Jaƌǀis et al. ϮϬϬϴͿ 
SLOPE “lope CoŶtiŶuous ;log;degƌeeͿͿ “‘TM ϵϬŵ Digital EleǀatioŶ Dataďase 
ǀϰ.ϭ ;Jaƌǀis et al. ϮϬϬϴͿ 
CITY DistaŶĐe to laƌge Đities 
oƌ aƌteƌial ƌoads 
CoŶtiŶuous ;log;kŵͿͿ PƌoǀiŶĐial Map ;BIG ϮϬϭϱͿ 
POP HuŵaŶ populatioŶ 
deŶsitǇ 
CoŶtiŶuous ;log;peopleͿͿ PoteŶsi Desa ;PODE“Ϳ data ;BP“ 
IŶdoŶesia ϮϬϭϳͿ 
AGRICULTURAL PRODUCTIVITY 
DRY LoŶg-teƌŵ ŵoŶthlǇ 
ƌaiŶfall duƌiŶg dƌǇ 
seasoŶ 
CoŶtiŶuous ;ŵŵͿ WoƌldCliŵ ;FiĐk & HijŵaŶs ϮϬϭϳͿ 
WET LoŶg-teƌŵ ŵoŶthlǇ 
ƌaiŶfall duƌiŶg ǁet 
seasoŶ 
CoŶtiŶuous ;ŵŵͿ WoƌldCliŵ ;FiĐk & HijŵaŶs ϮϬϭϳͿ 
PEAT MajoƌitǇ of soil tǇpe  CategoƌiĐal ;ϭ=Peat, Ϭ=MiŶeƌalͿ MEF ;ϮϬϭϲďͿ 
FOR Foƌest Đoǀeƌ iŶ ϮϬϬϴ CoŶtiŶuous ;haͿ HaŶseŶ et al. ;ϮϬϭϯͿ; MaƌgoŶo et al. 
;ϮϬϭϰͿ  
OPP DistaŶĐe to oil-palŵ 
plaŶtatioŶs  
CoŶtiŶuous ;log;kŵͿͿ MEF ;ϮϬϭϲďͿ; Gaǀeau et al. ;ϮϬϭϲͿ 
TRANS DistaŶĐe to 
tƌaŶsŵigƌatioŶ aƌeas  
CoŶtiŶuous ;log;kŵͿͿ MEF ;ϮϬϭϲďͿ 
TDRY MoŶthlǇ ƌaiŶfall duƌiŶg 
the dƌǇ seasoŶ ďetǁeeŶ 
ϮϬϬϴ aŶd ϮϬϭϰ 
CoŶtiŶuous ;ŵŵͿ T‘MM Multi-“atellite PƌeĐipitatioŶ 
AŶalǇsis ;TMPAͿ ǀ. ϳ ;HuffŵaŶ et al. 
ϮϬϬϳͿ 
TWET MoŶthlǇ ƌaiŶfall duƌiŶg 
the ǁet seasoŶ  
ďetǁeeŶ ϮϬϬϴ aŶd ϮϬϭϰ 
CoŶtiŶuous ;ŵŵͿ T‘MM Multi-“atellite PƌeĐipitatioŶ 
AŶalǇsis ;TMPAͿ ǀ. ϳ ;HuffŵaŶ et al. 
ϮϬϬϳͿ 
 ϭϭ 
We used loŶg-teƌŵ seasoŶal ƌaiŶfall patteƌŶs ;ǀaƌiaďles DRY aŶd WETͿ, loĐatioŶ oŶ peat soil 
;ǀaƌiaďle PEATͿ, ďaseliŶe foƌest Đoǀeƌ iŶ ϮϬϬϴ ;ǀaƌiaďle FORͿ, distaŶĐe to oil palŵ plaŶtatioŶs ;ǀaƌiaďle 
OPPͿ aŶd tƌaŶsŵigƌatioŶ aƌeas ;ǀaƌiaďle TRANSͿ, aŶd ŵoŶthlǇ ŵeaŶ ƌaiŶfall duƌiŶg the dƌǇ seasoŶ ;MaǇ 
to “epteŵďeƌͿ ďetǁeeŶ ϮϬϬϴ aŶd ϮϬϭϰ ;ǀaƌiaďle TDRYͿ aŶd the ŵoŶthlǇ ŵeaŶ ƌaiŶfall duƌiŶg the ǁet 
seasoŶ ;Noǀeŵďeƌ to MaƌĐh of the folloǁiŶg ǇeaƌͿ ǁithiŶ the saŵe peƌiod ;ǀaƌiaďle TWETͿ as pƌoǆies foƌ 
agƌiĐultuƌe pƌoduĐtiǀitǇ. The aŵouŶt of ƌaiŶfall duƌiŶg the dƌǇ aŶd ǁet seasoŶs aƌe aŵoŶg the ŵoƌe 
iŵpoƌtaŶt faĐtoƌs affeĐtiŶg agƌiĐultuƌal pƌoduĐtiǀitǇ iŶ IŶdoŶesia ;OldeŵaŶ & Fƌeƌe ϭϵϴϮͿ thus dƌiǀiŶg 
agƌiĐultuƌe eǆpaŶsioŶ aŶd eĐoŶoŵiĐ gƌoǁth. “oil ĐoŶditioŶ, suĐh as tǇpe ;peat oƌ ŵiŶeƌal soilͿ is also aŶ 
iŵpoƌtaŶt faĐtoƌ dƌiǀiŶg agƌiĐultuƌal ĐoŶǀeƌsioŶ ;CaƌlsoŶ et al. ϮϬϭϯͿ. The deĐliŶe iŶ foƌest aƌea iŶ 
KaliŵaŶtaŶ had ďeeŶ paƌtlǇ attƌiďuted to aŶ iŶĐƌease iŶ agƌiĐultuƌal aƌea, ŵuĐh of ǁhiĐh is liŶked to 
tƌaŶsŵigƌatioŶ sites ;DeŶŶis & Colfeƌ ϮϬϬϲͿ. Eǆtƌeŵe Đliŵate, suĐh as pƌoloŶged dƌǇ ŵoŶths aŶd heaǀǇ 
ƌaiŶs, ĐaŶ deĐƌease agƌiĐultuƌe pƌoduĐtiǀitǇ ;Iizuŵi & ‘aŵaŶkuttǇ ϮϬϭϱ; Oettli et al. ϮϬϭϴͿ aŶd iŶĐƌease 
Ŷatuƌal disasteƌs suĐh as ǁildfiƌe aŶd flood ;Field et al. ϮϬϬϵͿ. “uĐh eǆtƌeŵe eǀeŶts ĐaŶ lead to ƌeduĐed 
eĐoŶoŵiĐ gƌoǁth aŶd adǀeƌselǇ affeĐt ĐoŵŵuŶitǇ soĐial ǁelfaƌe ;Heƌaǁati & “aŶtoso ϮϬϭϭͿ. 
2.5. Matching method  
We eŵploǇed pƌopeŶsitǇ sĐoƌe ŵatĐhiŶg ;‘oseŶďauŵ & ‘uďiŶ ϭϵϴϯͿ to seleĐt a set of ĐoŶtƌol gƌid-Đells 
outside HutaŶ Desa ďouŶdaƌies that eǆhiďited the saŵe ďaseliŶe ĐhaƌaĐteƌistiĐs as gƌid-Đells ǁith HutaŶ 
Desa. We used a ŶoŶ-paƌaŵetƌiĐ geŶeƌalized ďoosted ƌegƌessioŶ ŵodel iŵpleŵeŶted iŶ the ‘-paĐkage 
gďŵ ;‘idgeǁaǇ et al. ϮϬϭϱͿ to geŶeƌate the pƌopeŶsitǇ sĐoƌes usiŶg the ǀaƌiaďles desĐƌiďed iŶ Taďle Ϯ. 
Afteƌ geŶeƌatiŶg the pƌopeŶsitǇ sĐoƌes, the HutaŶ Desa loĐatioŶs ǁeƌe ŵatĐhed ǁith loĐatioŶs ǁithout 
HutaŶ Desa status usiŶg the Ŷeaƌest Ŷeighďouƌ appƌoaĐh ;ǁith Đallipeƌ ǁidths Ϭ.Ϯ of the pƌopeŶsitǇ sĐoƌe 
staŶdaƌd deǀiatioŶsͿ iŵpleŵeŶted iŶ the ‘-paĐkage MatĐhiŶg ;“ekhoŶ ϮϬϭϱͿ. We eŶsuƌed that the 
ĐategoƌiĐal ďaseliŶe ĐhaƌaĐteƌistiĐs ;i.e. ǀaƌiaďles L)ONE, NGO, PROV, PEAT, LVHD, aŶd WLBͿ of the 
ĐoŶtƌol loĐatioŶs eǆaĐtlǇ ŵatĐhed the ĐhaƌaĐteƌistiĐs of loĐatioŶs ǁith HutaŶ Desa. The distƌiďutioŶ of 
ďaseliŶe ĐoŶtiŶuous ǀaƌiaďles aŶd ǁell-ďeiŶg iŶdiĐatoƌs ďetǁeeŶ loĐatioŶs ǁith aŶd ǁithout HutaŶ Desa 
had a higheƌ degƌee of oǀeƌlap afteƌ ŵatĐhiŶg thaŶ ďefoƌe ŵatĐhiŶg ;Fig. “ϰ aŶd Taďle “ϰͿ.  
Afteƌ the ŵatĐhed dataset ǁas oďtaiŶed, ǁe estiŵated the effiĐaĐǇ of HutaŶ Desa iŶ ƌeduĐiŶg 
defoƌestatioŶ ďǇ ĐoŵpaƌiŶg the aŶŶual defoƌestatioŶ ƌates iŶ ϭϭ kŵϮ gƌid-Đells ǁithiŶ the ďouŶdaƌies of 
HutaŶ Desa ;ϯϮ aƌeasͿ ǁith the ƌates iŶ the ĐoŶtƌol gƌid-Đells. A gƌid-Đell i ǁith HutaŶ Desa ŵaŶageŵeŶt is 
ĐoŶsideƌed to ďe effeĐtiǀe at ƌeduĐiŶg defoƌestatioŶ if the diffeƌeŶĐe ďetǁeeŶ the defoƌestatioŶ ƌates iŶ 
the tƌeated gƌid-Đell ;RiͿ aŶd the ĐoŶtƌol gƌid-Đell ;ŔiͿ, i.e. ρi, ǁheƌe ρi = Ri―Ŕi, is Ŷegatiǀe. AǀeƌagiŶg ρi 
aĐƌoss all gƌid-Đells ǁithiŶ eaĐh HutaŶ Desa ŵaŶageŵeŶt uŶit j ƌesulted iŶ aŶ estiŵate of the 
peƌfoƌŵaŶĐe of eaĐh HutaŶ Desa oŶ defoƌestatioŶ, i.e. Ŗj. If Ŗj is ĐoŶsideƌaďlǇ Ŷegatiǀe, ĐoŶsideƌaďlǇ 
positiǀe, oƌ aƌouŶd zeƌo, theŶ the HutaŶ Desa ŵaŶageŵeŶt uŶit j has loǁeƌ, higheƌ, oƌ siŵilaƌ 
defoƌestatioŶ ƌates thaŶ that outside the HutaŶ Desa, aŶd the HutaŶ Desa ŵaŶageŵeŶt is likelǇ to haǀe a 
positiǀe, Ŷegatiǀe, oƌ Ŷegligiďle iŵpaĐt oŶ aǀoidiŶg defoƌestatioŶ. 
To estiŵate the effiĐaĐǇ of HutaŶ Desa iŶ iŵpƌoǀiŶg ǁell-ďeiŶg, ǁe Đoŵpaƌed the ĐhaŶge iŶ eaĐh 
iŶdiĐatoƌ ďetǁeeŶ ϮϬϬϴ aŶd ϮϬϭϰ ;Taďle ϭͿ iŶ ǀillages ǁith HutaŶ Desa ;ϰϭ aƌeasͿ ǁith the ĐhaŶge iŶ the 
ĐoŶtƌol ǀillages ǁithout it. A ǀillage j ǁith HutaŶ Desa is ĐoŶsideƌed to ďe effeĐtiǀe at iŵpƌoǀiŶg a siŶgle 
iŶdiĐatoƌ of ǁell-ďeiŶg k if the diffeƌeŶĐe ďetǁeeŶ the ĐhaŶge iŶ the ǀalue of iŶdiĐatoƌ iŶ the tƌeated 
ǀillage ;Cj,kͿ aŶd the ĐoŶtƌol ǀillage ;Ćj,kͿ, i.e. γj,k, ǁheƌe γj,k = ǁk  ;Cj,k―Ćj,kͿ, is positiǀe. AǀeƌagiŶg γj aĐƌoss 
all iŶdiĐatoƌs of ǁell-ďeiŶg k, theŶ aĐƌoss all aspeĐts of ǁell-ďeiŶg ŵ Ǉielded aŶ estiŵate of the 
peƌfoƌŵaŶĐe of eaĐh HutaŶ Desa oŶ ǁell-ďeiŶg, i.e. Çj. If Çj is ĐoŶsideƌaďlǇ positiǀe, ĐoŶsideƌaďlǇ Ŷegatiǀe, 
oƌ aƌouŶd zeƌo, theŶ the ĐhaŶge iŶ ǁell-ďeiŶg iŶ ǀillages ǁith HutaŶ Desa j oĐĐuƌs fasteƌ, sloǁeƌ, oƌ at 
siŵilaƌ paĐe as that iŶ ǀillages ǁithout HutaŶ Desa, aŶd the HutaŶ Desa ŵaŶageŵeŶt is likelǇ to haǀe a 
positiǀe, Ŷegatiǀe, oƌ Ŷegligiďle iŵpaĐt oŶ ǁell-ďeiŶg. 
 ϭϮ 
To assess ǁhetheƌ oƌ Ŷot ouƌ estiŵate ďased oŶ ŵatĐhiŶg ǁas ƌoďust to the possiďle pƌeseŶĐe of 
aŶ uŶoďseƌǀed ĐoŶfouŶdeƌ, a seŶsitiǀitǇ aŶalǇsis ǁas applied ďased oŶ the pƌiŶĐiple of ƌaŶdoŵizatioŶ 
iŶfeƌeŶĐe ;Keele ϮϬϭϰͿ. The ƌesults iŶdiĐated that if aŶ oŵitted ĐoŶfouŶdiŶg ǀaƌiaďle does eǆist, it has to 
iŶĐƌease the likelihood of the ŶoŶ HutaŶ Desa ǀillage to ƌeĐeiǀe iŶteƌǀeŶtioŶ ďǇ a faĐtoƌ gƌeateƌ thaŶ at 
least ϭ.ϴϭ ;Taďle “ϱͿ. This ŵagŶitude suggests that ouƌ ŵatĐhiŶg ŵethod is ƌoďust to hiddeŶ ďias. 
Detailed eǆplaŶatioŶs of the ŵatĐhiŶg ŵethod aƌe pƌoǀided iŶ the “uppleŵeŶtaƌǇ Mateƌials. 
3. RESULTS 
3.1. Association between Hutan Desa and avoided deforestation  
HutaŶ Desa ǁeƌe assoĐiated ǁith ƌeduĐed defoƌestatioŶ ƌates oǀeƌall Đoŵpaƌed to the ĐouŶteƌfaĐtual 
;Fig. ϮAͿ. We deteĐted defoƌestatioŶ iŶ iŶtaĐt Ŷatuƌal foƌest aƌeas ďoth iŶside aŶd outside the ďouŶdaƌies 
of HutaŶ Desa ǁith siŵilaƌ ďaseliŶe ďiophǇsiĐal ĐoŶditioŶs. Hoǁeǀeƌ, defoƌestatioŶ ƌates iŶside HutaŶ 
Desa ǁeƌe loǁeƌ oǀeƌall thaŶ outside HutaŶ Desa.  
The assoĐiatioŶ ďetǁeeŶ HutaŶ Desa aŶd ƌeduĐed defoƌestatioŶ ǀaƌied aĐƌoss diffeƌeŶt laŶd-use 
zoŶes ;Fig. ϮBͿ. WheŶ estaďlished iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe, HutaŶ Desa had 
ĐoŶsideƌaďlǇ higheƌ leǀels of aǀoided defoƌestatioŶ ƌelatiǀe to ĐoŶtƌols. Less aǀoided defoƌestatioŶ ǁas 
oďseƌǀed iŶ HutaŶ Desa estaďlished iŶ Liŵited PƌoduĐtioŶ )oŶe aŶd Wateƌshed PƌoteĐtioŶ )oŶe. 
 
Fig. Ϯ. ;AͿ MeaŶ aŶŶual defoƌestatioŶ ƌates ďetǁeeŶ ϮϬϭϬ aŶd ϮϬϭϰ iŶside HutaŶ Desa aŶd iŶ ĐoŶtƌol aƌeas, 
aŶd ;BͿ ƌelatiǀe effeĐt of HutaŶ Desa oŶ ƌeduĐed aŶŶual defoƌestatioŶ paƌtitioŶed ďǇ laŶd-use zoŶe. ;CͿ MeaŶ 
ĐhaŶge iŶ oǀeƌall ǁell-ďeiŶg aŶd iŶ diffeƌeŶt aspeĐts of ǁell-ďeiŶg ďetǁeeŶ ϮϬϬϴ aŶd ϮϬϭϰ iŶ ǀillages ǁith 
HutaŶ Desa aŶd ĐoŶtƌol ǀillages, aŶd ;DͿ ƌelatiǀe effeĐt of HutaŶ Desa oŶ iŵpƌoǀed oǀeƌall ǀillage ǁell-ďeiŶg 
paƌtitioŶed ďǇ laŶd-use zoŶes. Eƌƌoƌ ďaƌs ƌepƌeseŶt ϵϱ% ĐoŶfideŶĐe iŶteƌǀals. 
 ϭϯ 
3.2. Association between Hutan Desa and indicators of well-being 
Coŵpaƌed to the ĐouŶteƌfaĐtual, HutaŶ Desa iŶ KaliŵaŶtaŶ ǁas assoĐiated ǁith oǀeƌall iŵpƌoǀeŵeŶts to 
ǁell-ďeiŶg aǀeƌaged oǀeƌ all iŶdiĐatoƌs ďetǁeeŶ ϮϬϬϴ aŶd ϮϬϭϰ ;Fig. ϮCͿ. Both iŶ ǀillages ǁith HutaŶ Desa 
aŶd those ǁithout ǁe deteĐted aŶ iŶĐƌease iŶ ďasiĐ, phǇsiĐal aŶd fiŶaŶĐial iŶdiĐatoƌs of ǁell-ďeiŶg, aŶd 
deĐliŶe iŶ soĐial aŶd eŶǀiƌoŶŵeŶtal ŵeasuƌes. Hoǁeǀeƌ, ǁell-ďeiŶg iŵpƌoǀeŵeŶts ǁeƌe ŵoƌe 
pƌoŶouŶĐed, oŶ aǀeƌage, iŶ ǀillages ǁheƌe HutaŶ Desa had ďeeŶ estaďlished. AdditioŶallǇ, the oǀeƌall 
deĐliŶe iŶ soĐial aŶd eŶǀiƌoŶŵeŶtal ǁell-ďeiŶg ǁas loǁeƌ iŶ ǀillages ǁith HutaŶ Desa Đoŵpaƌed to ǀillages 
ǁithout. 
The assoĐiatioŶ ďetǁeeŶ HutaŶ Desa aŶd ǁell-ďeiŶg iŶdiĐatoƌs also ǀaƌied aĐƌoss diffeƌeŶt laŶd-
use zoŶes ;Fig. ϮDͿ. CoŵŵuŶities ƌesidiŶg ǁithiŶ Wateƌshed PƌoteĐtioŶ )oŶes eǆhiďited gƌeateƌ 
iŵpƌoǀeŵeŶts iŶ all aspeĐts of ǁell-ďeiŶg thaŶ those iŶ liŵited pƌoduĐtioŶ zoŶes, ǁheƌe fiŶaŶĐial ǁell-
ďeiŶg iŶdiĐatoƌs deĐliŶed oǀeƌ the studǇ peƌiod ;Fig. ϯAͿ. CoŵŵuŶities iŶ peƌŵaŶeŶt oƌ ĐoŶǀeƌtiďle 
pƌoduĐtioŶ zoŶes also ďeŶefited iŶ soŵe aspeĐts, ďut Ŷot iŶ ƌelatioŶ to ouƌ ŵeasuƌes of ďasiĐ aŶd 
eŶǀiƌoŶŵeŶtal ǁell-ďeiŶg ;Fig. ϯAͿ, paƌtiĐulaƌlǇ if theǇ ǁeƌe iŶ peatlaŶds ;Fig. “ϱͿ. 
The heteƌogeŶeous iŵpaĐts of HutaŶ Desa oŶ ǁell-ďeiŶg aĐƌoss diffeƌeŶt laŶd-use zoŶes ƌefleĐt 
doŵiŶaŶt liǀelihood ĐhaƌaĐteƌistiĐs pƌeseŶt. IŵpaĐts aŵoŶg ĐoŵŵuŶities ǁith suďsisteŶĐe liǀelihoods 
outside ĐoŶĐessioŶs ;Fig. ϯBͿ shoǁ siŵilaƌ patteƌŶs to the oǀeƌall iŵpaĐt ǁithiŶ Wateƌshed PƌoteĐtioŶ 
)oŶe ;Fig. ϯAͿ. “iŵilaƌlǇ, the iŵpaĐts aŵoŶg ĐoŵŵuŶities ǁith suďsisteŶĐe liǀelihoods ǁithiŶ loggiŶg 
ĐoŶĐessioŶs ;Fig. ϯBͿ shoǁ siŵilaƌ patteƌŶs to the oǀeƌall iŵpaĐt ǁithiŶ the Liŵited PƌoduĐtioŶ )oŶe ;Fig. 
ϯAͿ, aŶd the iŵpaĐts aŵoŶg ĐoŵŵuŶities liǀiŶg ǁithiŶ plaŶtatioŶs ;ďoth outside aŶd ǁithiŶ oil-palŵ 
ĐoŶĐessioŶsͿ ;Fig. ϯBͿ shoǁ siŵilaƌ patteƌŶs to the oǀeƌall iŵpaĐt ǁithiŶ the PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle 
PƌoduĐtioŶ )oŶe ;Fig. ϯAͿ. 
 
Fig. ϯ. ‘elatiǀe effeĐt of HutaŶ Desa oŶ fiǀe aspeĐts of ǁell-ďeiŶg iŶ KaliŵaŶtaŶ ďetǁeeŶ ϮϬϬϴ aŶd ϮϬϭϰ iŶ 
diffeƌeŶt laŶd-use zoŶes: Wateƌshed PƌoteĐtioŶ )oŶe, Liŵited PƌoduĐtioŶ )oŶe, aŶd PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle 
PƌoduĐtioŶ )oŶe ;AͿ, aŶd iŶ diffeƌeŶt pƌiŵaƌǇ liǀelihood seĐtoƌs: suďsisteŶĐe liǀelihoods outside ĐoŶĐessioŶs 
;ǁithiŶ Wateƌshed PƌoteĐtioŶ )oŶeͿ, suďsisteŶĐe liǀelihoods ǁithiŶ loggiŶg ĐoŶĐessioŶs ;ǁithiŶ Liŵited 
PƌoduĐtioŶ )oŶeͿ, aŶd plaŶtatioŶs outside oƌ ǁithiŶ oil palŵ ĐoŶĐessioŶs ;ǁithiŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle 
PƌoduĐtioŶ )oŶeͿ ;BͿ. The effeĐt of HutaŶ Desa is ƌelatiǀe to aƌeas ǁithout HutaŶ Desa that haǀe siŵilaƌ 
ďiophǇsiĐal aŶd geogƌaphiĐal ĐhaƌaĐteƌistiĐs. 
 
 ϭϰ 
Of the iŶdiĐatoƌs of ďasiĐ ǁell-ďeiŶg ǁe assessed, aĐĐess to eleĐtƌiĐitǇ, ĐleaŶ ĐookiŶg fuel, aŶd 
adeƋuate saŶitatioŶs ǁeƌe ĐoŶsideƌaďlǇ affeĐted ďǇ the HutaŶ Desa desigŶatioŶ ;Fig. “ϲAͿ. HutaŶ Desa 
ǁas tǇpiĐallǇ assoĐiated ǁith iŵpƌoǀeŵeŶt of these iŶdiĐatoƌs Đoŵpaƌed to the ĐouŶteƌfaĐtual iŶ 
Wateƌshed PƌoteĐtioŶ )oŶe aŶd Liŵited PƌoduĐtioŶ )oŶe, ďut Ŷot iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle 
PƌoduĐtioŶ )oŶe. AŵoŶg iŶdiĐatoƌs of phǇsiĐal ǁell-ďeiŶg assessed, aĐĐess to seĐoŶdaƌǇ sĐhools ǁas 
affeĐted ĐoŶsideƌaďlǇ ďǇ HutaŶ Desa desigŶatioŶ ;Fig. “ϲBͿ, aŶd iŵpƌoǀed aĐĐess to seĐoŶdaƌǇ sĐhools 
ǁas pƌoŵiŶeŶt, paƌtiĐulaƌlǇ iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe. AŵoŶg iŶdiĐatoƌs of fiŶaŶĐial 
ǁell-ďeiŶg assessed, iŵpƌoǀed aĐĐess to Đƌedit ǁas pƌoŵiŶeŶt iŶ HutaŶ Desa gƌaŶted iŶ Wateƌshed 
PƌoteĐtioŶ )oŶe aŶd PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe, aŶd the pƌeǀaleŶĐe of sŵall-sĐale 
eŶteƌpƌises ǁas also eŶhaŶĐed ĐoŶsideƌaďlǇ iŶ Wateƌshed PƌoteĐtioŶ )oŶe ;Fig. “ϲCͿ. AŵoŶg iŶdiĐatoƌs of 
soĐial ǁell-ďeiŶg, ƌeduĐtioŶ iŶ the pƌeǀaleŶĐe of agƌiĐultuƌal ǁage laďouƌeƌs ǁas suďstaŶtial iŶ HutaŶ 
Desa gƌaŶted iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe ;Fig. “ϲDͿ. AŵoŶg iŶdiĐatoƌs of 
eŶǀiƌoŶŵeŶtal ǁell-ďeiŶg, aiƌ aŶd ǁateƌ pollutioŶs ǁeƌe sigŶifiĐaŶtlǇ affeĐted ďǇ the HutaŶ Desa 
desigŶatioŶ ;Fig. “ϲEͿ; aiƌ pollutioŶ ƌeduĐed suďstaŶtiallǇ iŶ all laŶd-use Đategoƌies, ďut ǁateƌ pollutioŶ 
ǁas eǆaĐeƌďated iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe, the zoŶe ǁheƌe laƌgeƌ pƌopoƌtioŶs of 
HutaŶ Desa ǁas gƌaŶted oŶ peatlaŶd. 
4. DISCUSSION 
Ouƌ studǇ pƌoǀides the fiƌst ďƌoad juƌisdiĐtioŶal assessŵeŶt of the iŵpaĐts of CF oŶ foƌest ĐoŶseƌǀatioŶ 
aŶd ƌuƌal ǁell-ďeiŶg seeŶ thƌough a ŵultidiŵeŶsioŶal leŶs. We fouŶd that IŶdoŶesia͛s ŵaiŶ CF sĐheŵe, 
HutaŶ Desa, ǁas assoĐiated ǁith ďoth ƌeduĐed defoƌestatioŶ aŶd iŵpƌoǀed iŶdiĐatoƌs of ǁell-ďeiŶg foƌ 
KaliŵaŶtaŶ͛s ƌuƌal ĐoŵŵuŶities ;Fig. ϰͿ. Positiǀe outĐoŵes foƌ ďoth ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg, oƌ a 
positiǀe outĐoŵe foƌ oŶe aspeĐt aŶd Ŷegligiďle foƌ the otheƌ, ǁeƌe deteĐted iŶ ϱϭ% of Đases ;suŵ of Đells 
A iŶ Fig. ϰͿ, suggestiŶg that, uŶdeƌ soŵe ĐiƌĐuŵstaŶĐe, foƌest ĐoŶseƌǀatioŶ ĐaŶ go haŶd iŶ haŶd ǁith 
poǀeƌtǇ alleǀiatioŶ. Negligiďle outĐoŵes foƌ ďoth ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg ǁeƌe deteĐted iŶ ϭϰ% of 
Đases ;suŵ of Đells B iŶ Fig. ϰͿ. CoŶǀeƌselǇ, tƌade-offs ďetǁeeŶ ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg ǁeƌe deteĐted 
iŶ ϭϳ% of Đases ;suŵ of Đells C iŶ Fig. ϰͿ; ǁith ϭϯ% of Đases poǀeƌtǇ alleǀiatioŶ oĐĐuƌƌed at the eǆpeŶse of 
foƌest, ďut iŶ oŶlǇ ϰ% of Đases aǀoided defoƌestatioŶ ǁas aĐhieǀed at  the eǆpeŶse of poǀeƌtǇ outĐoŵes. 
Negatiǀe outĐoŵes foƌ ďoth ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg oƌ a Ŷegatiǀe outĐoŵe foƌ oŶe aspeĐt aŶd 
Ŷegligiďle foƌ the otheƌ ǁeƌe deteĐted iŶ ϭϴ% of Đases ;suŵ of Đells D iŶ Fig. ϰͿ.  
IŵpaĐts of HutaŶ Desa ǁeƌe also heteƌogeŶeouslǇ distƌiďuted aĐƌoss diffeƌeŶt laŶd-use zoŶes. 
Aǀoided defoƌestatioŶ ǁas stƌoŶgest iŶ the PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe, folloǁed ďǇ the 
Liŵited PƌoduĐtioŶ )oŶe aŶd lastlǇ, the Wateƌshed PƌoteĐtioŶ )oŶe. CoŶǀeƌselǇ, iŵpƌoǀeŵeŶts iŶ ouƌ 
ǁell-ďeiŶg iŶdiĐatoƌs ǁeƌe stƌoŶgest iŶ Wateƌshed PƌoteĐtioŶ )oŶe, folloǁed ďǇ the Liŵited PƌoduĐtioŶ 
)oŶe aŶd theŶ the PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe. Ouƌ fiŶdiŶgs aƌe Đoŵpaƌaďle to those of 
Feƌƌaƌo aŶd HaŶaueƌ ;ϮϬϭϭͿ oŶ pƌoteĐted aƌeas iŶ Costa ‘iĐa ;ŵaiŶlǇ Đoŵposed of ŶatioŶal paƌks aŶd 
ĐoŵŵuŶitǇ-ďased pƌoteĐted aƌeas, IUCN Đategoƌies II aŶd VI, ƌespeĐtiǀelǇͿ, ǁhiĐh highlighted pƌoteĐted 
aƌeas ǁith the ŵost aǀoided defoƌestatioŶ to ďe assoĐiated ǁith the least poǀeƌtǇ alleǀiatioŶ, aŶd 
pƌoteĐted aƌeas ǁheƌe ĐoŶseƌǀatioŶ effeĐtiǀeŶess ǁas liŵited ǁeƌe assoĐiated ǁith the ŵost iŵpƌoǀed 






Fig. ϰ. PƌopoƌtioŶs of HutaŶ Desa ǁith ǀaƌǇiŶg effeĐts oŶ defoƌestatioŶ aŶd ǁell-ďeiŶg. Positiǀe, Ŷegatiǀe, oƌ 
Ŷegligiďle effeĐts of HutaŶ Desa oŶ defoƌestatioŶ iŵplies that defoƌestatioŶ ƌates ǁithiŶ HutaŶ Desa aƌe 
ĐoŶsideƌaďlǇ loǁeƌ, higheƌ thaŶ, oƌ siŵilaƌ to those outside HutaŶ Desa aƌeas ǁith siŵilaƌ ďaseliŶe ďiophǇsiĐal 
ĐhaƌaĐteƌistiĐs. Positiǀe, Ŷegatiǀe, oƌ Ŷegligiďle effeĐts of HutaŶ Desa oŶ ǁell-ďeiŶg iŵplǇ that iŵpƌoǀed ǁell-
ďeiŶg iŶ ǀillages ǁith HutaŶ Desa oĐĐuƌs ĐoŶsideƌaďlǇ fasteƌ, sloǁeƌ, oƌ at a siŵilaƌ paĐe as that iŶ ǀillages 
ǁithout HutaŶ Desa ǁith siŵilaƌ ďaseliŶe ďiophǇsiĐal aŶd soĐioeĐoŶoŵiĐ ĐhaƌaĐteƌistiĐs. A total of ϰϭ HutaŶ 
Desa ŵaŶageŵeŶt aƌeas ǁeƌe assessed foƌ ǁell-ďeiŶg outĐoŵe aŶd ϯϮ HutaŶ Desa aƌeas ǁeƌe assessed foƌ 
defoƌestatioŶ ;as iŶtaĐt Ŷatuƌal foƌest ǁas laĐkiŶg iŶ ϵ HutaŶ Desa aƌeas ďefoƌe teŶuƌeͿ. Positiǀe outĐoŵes foƌ 
ďoth ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg, oƌ a positiǀe outĐoŵe foƌ oŶe aspeĐt aŶd Ŷegligiďle foƌ the otheƌ aƌe 
laďelled ͚A͛ ;total ϱϭ% of Đases. Negligiďle outĐoŵes foƌ ďoth ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg aƌe laďelled ͚B͛ 
;ϭϰ%Ϳ. Tƌade-offs ďetǁeeŶ ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg aƌe laďelled as ͚C͛ ;ϭϳ%Ϳ, ǁhile Ŷegatiǀe outĐoŵes foƌ 
ďoth ĐoŶseƌǀatioŶ aŶd ǁell-ďeiŶg oƌ a Ŷegatiǀe outĐoŵe foƌ oŶe aspeĐt aŶd Ŷegligiďle foƌ the otheƌ aƌe 
laďelled ͚D͛ ;ϭϴ%Ϳ. 
4.1. Why do benefits vary across land-use zones? 
The ďeŶefits of HutaŶ Desa ǁeƌe ŵodeƌated ďǇ ďaseliŶe ĐoŶditioŶs aŶd pƌessuƌes iŶ the diffeƌeŶt laŶd-
use zoŶes. HutaŶ Desa aƌeas iŶ the Wateƌshed PƌoteĐtioŶ aŶd Liŵited PƌoduĐtioŶ )oŶes teŶd to ďe 
loĐated iŶ aƌeas of high foƌest Đoǀeƌ aŶd aǁaǇ fƌoŵ ŵajoƌ Đities aŶd ƌoads ;Fig. “ϳͿ. IŶ these aƌeas, 
aŶthƌopogeŶiĐ pƌessuƌe is geŶeƌallǇ loǁ to ŵodeƌate, aŶd foƌest eŶĐƌoaĐhŵeŶt ŵaiŶlǇ aƌises fƌoŵ illegal 
loggiŶg aŶd shiftiŶg ĐultiǀatioŶ ďǇ loĐal faƌŵeƌs ;‘esosudaƌŵo ϮϬϬϰ; PuƌǁaŶto ϮϬϭϲͿ. BeĐause 
aŶthƌopogeŶiĐ pƌessuƌe is ŵild, aŶǇ ƌeduĐed defoƌestatioŶ ƌates aƌe also eǆpeĐted to ďe ŵild ǁith the 
iŶtƌoduĐtioŶ of HutaŶ Desa teŶuƌe. HeŶĐe, ĐoŵŵuŶitǇ foƌestƌǇ sĐheŵes aƌe ǁell plaĐed to ŵaiŶtaiŶ 
foƌest Đoǀeƌ siŵplǇ ďeĐause the pƌessuƌes oŶ foƌests aƌe iŶheƌeŶtlǇ loǁ. CoŵŵuŶities heƌe ofteŶ laĐk 
ďasiĐ faĐilities, suĐh as health ĐliŶiĐs aŶd sĐhools, haǀe liŵited aĐĐess to eleĐtƌiĐitǇ, pooƌ housiŶg 
ĐoŶditioŶs aŶd aƌe depeŶdeŶt oŶ ǁood fuel ;Fig. “ϴͿ. Despite these ĐoŶditioŶs, ŵalŶutƌitioŶ aŵoŶg 
iŶfaŶts is ƌaƌe ;Fig. “ϴͿ, ŵost likelǇ due to high food self-suffiĐieŶĐǇ aŶd laƌge ǀaƌietǇ of ŵiĐƌoŶutƌieŶt-ƌiĐh 
food souƌĐes, as is ofteŶ tǇpiĐal of foƌest-depeŶdeŶt ĐoŵŵuŶities ;Haƌpeƌ ϮϬϬϮ; West ϮϬϬϲ; IĐkoǁitz et 
al. ϮϬϭϰ, ϮϬϭϲͿ. These ĐoŵŵuŶities ofteŶ ƌelǇ oŶ suďsisteŶĐe liǀelihoods ;faƌŵiŶg, fishiŶg, aŶd gatheƌiŶg 
of foƌest pƌoduĐtsͿ ;Fig. ϭCͿ. HutaŶ Desa faĐilitatioŶ ďǇ eǆteƌŶal oƌgaŶizatioŶs iŶ the Wateƌshed 
PƌoteĐtioŶ aŶd Liŵited PƌoduĐtioŶ )oŶes has likelǇ led to iŵpƌoǀed fiŶaŶĐial ǁell-ďeiŶg aĐĐoƌdiŶg to ouƌ 
iŶdiĐatoƌs aŶd iŵpƌoǀed iŶfƌastƌuĐtuƌe Đoŵpaƌed to the ĐouŶteƌfaĐtual. HutaŶ Desa liĐeŶses haǀe also 
pƌoǀided teŶuƌe ĐlaƌitǇ aŶd ƌeduĐed illegal loggiŶg aŶd foƌest eŶĐƌoaĐhŵeŶt ďǇ people fƌoŵ outside the 
ǀillage, ǁhiĐh Đould eǆplaiŶ ǁhǇ soĐial ĐoŶfliĐt has deĐliŶed aŶd the eŶǀiƌoŶŵeŶt ƌepoƌted to ďe ďetteƌ 
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pƌeseƌǀed thaŶ iŶ aƌeas ǁithout HutaŶ Desa ;Fig. “ϲDͿ. This patteƌŶ of iŵpƌoǀed iŶĐoŵe aŶd 
iŶfƌastƌuĐtuƌe pƌoǀisioŶ aŶd ƌeduĐed soĐial ĐoŶfliĐts has also ďeeŶ oďseƌǀed iŶ otheƌ studies of foƌest-
depeŶdeŶt ĐoŵŵuŶities ǁith CF ;e.g. Ali & Beheƌa ϮϬϭϱ; ‘asolofosoŶ et al. ϮϬϭϳͿ. 
IŶ Wateƌshed PƌoteĐtioŶ )oŶes, foƌests suppoƌt liǀelihoods ǀia ŶoŶ-tiŵďeƌ foƌest pƌoduĐts 
;“haĐkletoŶ et al. ϮϬϭϭͿ. IŶ Liŵited PƌoduĐtioŶ )oŶes, hoǁeǀeƌ, ǀillage aƌeas tǇpiĐallǇ oǀeƌlap ǁith aĐtiǀe 
loggiŶg ĐoŶĐessioŶs ;Fig. ϭCͿ, aŶd ĐoŵŵuŶitǇ liǀelihoods depeŶd ŵoƌe oŶ Đash iŶĐoŵe fƌoŵ tiŵďeƌ aŶd 
ĐoŶĐessioŶ-ƌelated eŵploǇŵeŶt ;CassoŶ & OďidziŶski ϮϬϬϮ; EŶgel & Palŵeƌ ϮϬϬϲͿ. UŶlike iŶ Wateƌshed 
PƌoteĐtioŶ )oŶes ǁheƌe tiŵďeƌ eǆtƌaĐtioŶ is pƌohiďited, HutaŶ Desa gƌaŶted iŶ PƌoduĐtioŶ )oŶes ;i.e. 
Liŵited aŶd PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶesͿ aƌe eŶtitled to ϱϬ ŵϯ peƌ Ǉeaƌ foƌ ŶoŶ-
ĐoŵŵeƌĐial puƌposes. CoŶstƌaiŶts oŶ ĐoŵŵeƌĐial utilisatioŶ of tiŵďeƌ as a ƌesult of HutaŶ Desa 
desigŶatioŶ haǀe had Ŷegatiǀe iŵpaĐts oŶ iŶĐoŵe, thus ƌeduĐiŶg fiŶaŶĐial ǁell-ďeiŶg of ĐoŵŵuŶities to a 
gƌeateƌ eǆteŶt Đoŵpaƌed to ĐouŶteƌfaĐtual aƌeas. The Ŷegatiǀe effeĐt of HutaŶ Desa heƌe is aŶalogous to 
the iŵpaĐt of ƌestƌiĐtioŶ iŶ tiŵďeƌ haƌǀest eŶdoƌsed ďǇ foƌest ĐeƌtifiĐatioŶ aŶd ƌeduĐed iŵpaĐt loggiŶg 
sĐheŵes, i.e. loggiŶg opeƌatioŶs that iŵpleŵeŶt Đaƌeful plaŶŶiŶg aŶd ĐoŶtƌol of tiŵďeƌ haƌǀestiŶg to 
ŵiŶiŵize eŶǀiƌoŶŵeŶtal iŵpaĐt aŶd ǁaste that tǇpiĐallǇ ƌesult fƌoŵ ĐoŶǀeŶtioŶal loggiŶg. These sĐheŵes 
aƌe geŶeƌallǇ less pƌofitaďle thaŶ ĐoŶǀeŶtioŶal loggiŶg ;Buƌiǀaloǀa et al. ϮϬϭϳͿ, although oǀeƌ loŶgeƌ 
tiŵefƌaŵes the eǆpeĐted pƌofit is higheƌ ;Boltz et al. ϮϬϬϯͿ. 
Aƌeas desigŶated as PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe aƌe tǇpiĐallǇ loĐated iŶ plaĐes of 
loǁ foƌest Đoǀeƌ, Ŷeaƌ to ŵaƌkets, Đities aŶd ŵajoƌ ƌoads, ǁheƌe oil palŵ plaŶtatioŶs doŵiŶate ;Fig. “ϳͿ 
aŶd iŶfƌastƌuĐtuƌe is ŶeaƌďǇ ;Fig. “ϴͿ. CoŵpetitioŶ foƌ laŶd is high ;“ahide et al. ϮϬϭϲͿ aŶd tǇpiĐallǇ 
iŶǀolǀes a Đoŵpleǆ Ŷetǁoƌk of aĐtoƌs aŶd stakeholdeƌs ;“aŶtoso ϮϬϭϲͿ. BeĐause aŶthƌopogeŶiĐ pƌessuƌe 
is stƌoŶg, defoƌestatioŶ is tǇpiĐallǇ high, aŶd theƌe is poteŶtiallǇ ŵuĐh to ďe gaiŶed foƌ ĐoŶseƌǀatioŶ ǁith 
the iŶtƌoduĐtioŶ of effeĐtiǀe HutaŶ Desa teŶuƌe. A laƌge pƌopoƌtioŶ of ĐoŵŵuŶities iŶ this zoŶe depeŶd 
oŶ Đash Đƌops, ŵaiŶlǇ oil palŵ ;Fig. ϭCͿ, giǀiŶg theŵ liǀelihood optioŶs outside the foƌestƌǇ seĐtoƌ. 
Hoǁeǀeƌ, eŵploǇŵeŶt oppoƌtuŶities aƌe ofteŶ distƌiďuted uŶeƋuallǇ aŵoŶg ĐoŵŵuŶitǇ ŵeŵďeƌs 
;OďidziŶski et al. ϮϬϭϮͿ; iŶeƋuities that ŵaǇ ƌeduĐe oǀeƌall ǁell-ďeiŶg iŶ iŶteŶsiǀelǇ ŵaŶaged laŶdsĐapes 
;‘asŵusseŶ et al. ϮϬϭϴͿ. These faĐtoƌs pƌoǀide aŶ eǆplaŶatioŶ as to ǁhǇ iŵpƌoǀeŵeŶt to fiŶaŶĐial ǁell-
ďeiŶg is ĐoŵpaƌatiǀelǇ loǁeƌ iŶ this zoŶe due to HutaŶ Desa desigŶatioŶ Đoŵpaƌed to loĐatioŶs iŶ the 
Wateƌshed PƌoteĐtioŶ )oŶe ;Fig. ϯͿ. A ƌeliaŶĐe oŶ Đash Đƌops, ǁhiĐh eŶĐouƌages people to puƌĐhase 
pƌoĐessed foods ǁith liŵited ŶutƌitioŶal ǀalue aŶd ƌesults iŶ pooƌ eŶǀiƌoŶŵeŶtal ĐoŶditioŶs, ŵaǇ also 
eǆplaiŶ higheƌ iŶfaŶt ŵalŶutƌitioŶ iŶ these aƌeas ;Fig. “ϴAͿ ;Góŵez et al. ϮϬϭϯ; IĐkoǁitz et al. ϮϬϭϲͿ. 
Foƌest pƌoteĐtioŶ ĐaŶ iŶduĐe a spilloǀeƌ effeĐt of agƌiĐultuƌal eǆpaŶsioŶ aŶd iŶteŶsifiĐatioŶ to suď-optiŵal 
aƌeas that ofteŶ ƌeƋuiƌes high feƌtilizeƌ iŶputs ;DuŶĐaŶ et al. ϮϬϬϴ; Didhaŵ et al. ϮϬϭϱͿ. EǆĐessiǀe feƌtilizeƌ 
usage has Ŷegatiǀe eŶǀiƌoŶŵeŶtal effeĐts paƌtiĐulaƌlǇ oŶ ǁateƌ ƋualitǇ ;OďidziŶski et al. ϮϬϭϮͿ, ǁhiĐh 
eǆplaiŶs ǁhǇ ǁateƌ pollutioŶ leǀels had ƌepoƌtedlǇ iŶĐƌeased iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ 
)oŶe ǁith HutaŶ Desa thaŶ those ǁithout ;Fig. “ϲEͿ, paƌtiĐulaƌlǇ oŶ peatlaŶd. The aŶalǇsis of PODE“ data 
also iŶdiĐates that the Ŷuŵďeƌ of agƌiĐultuƌal laďouƌeƌs ǁas ŵaƌkedlǇ ƌeduĐed iŶ ǀillages ǁith HutaŶ Desa 
iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe Đoŵpaƌed to ǀillages ǁithout ;Fig. “ϲDͿ. AgƌiĐultuƌal 
iŶteŶsifiĐatioŶ ofteŶ ƌeƋuiƌes higheƌ laďouƌ iŶput to iŶĐƌease pƌoduĐtioŶ peƌ heĐtaƌe ;‘asŵusseŶ et al. 
ϮϬϭϴͿ. GiǀeŶ shoƌtage iŶ agƌiĐultuƌal laďouƌeƌs, aŶd ĐoŵďiŶed ǁith a deĐƌease iŶ faƌŵlaŶd due to laŶd 
sĐaƌĐitǇ, this Đould lead to a deĐƌease iŶ household pƌoduĐtioŶ aŶd iŶĐoŵe ;AŶgelseŶ & Kaiŵoǁitz ϮϬϬϭͿ. 
These iŵpaĐts aƌe ƌefleĐted also iŶ the ƌeduĐtioŶ iŶ the ďasiĐ ǁell-ďeiŶg iŶdiĐatoƌ iŶ these pƌoduĐtioŶ 





4.2. Implications for CF investments 
The IŶdoŶesiaŶ goǀeƌŶŵeŶt has pledged to alloĐate eǆteŶsiǀe laŶd to CF ďǇ the eŶd of ϮϬϭϵ, ǁhiĐh 
pƌeseŶts gƌeat ĐhalleŶges iŶ teƌŵs of Đapital ƌeƋuiƌeŵeŶts aŶd distƌiďutioŶ. Ouƌ studǇ pƌoǀides oďjeĐtiǀe 
iŶfoƌŵatioŶ to guide the foĐus aŶd pƌioƌities of the HutaŶ Desa pƌogƌaŵŵe aŶd iŶǀestŵeŶts as it 
deǀelops ;as suŵŵaƌized iŶ Fig. ϱ, aŶd tƌaŶslated iŶ Bahasa IŶdoŶesia iŶ Fig. “ϵͿ, as ǁell as lessoŶs that 
aƌe ďƌoadlǇ appliĐaďle to sĐheŵes iŶ otheƌ ŶatioŶal ĐoŶteǆts.  
 
Fig. ϱ. PƌeliŵiŶaƌǇ guideliŶes ;ďased oŶ this studǇͿ foƌ futuƌe HutaŶ Desa poliĐǇ aŶd foĐus of iŶǀestŵeŶts iŶ 
diffeƌeŶt laŶd-use zoŶes iŶ IŶdoŶesia: Wateƌshed PƌoteĐtioŶ )oŶe, Liŵited PƌoduĐtioŶ )oŶe, aŶd PeƌŵaŶeŶt oƌ 
CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe. 
 
Foƌ ĐoŵŵuŶities liǀiŶg ǁithiŶ the ďouŶdaƌies of Wateƌshed PƌoteĐtioŶ )oŶes, iŶǀestŵeŶt iŶ 
HutaŶ Desa oƌ paǇŵeŶts foƌ eĐosǇsteŵ seƌǀiĐes Đould ďe diƌeĐted toǁaƌds iŵpƌoǀiŶg ďasiĐ liǀiŶg 
ĐoŶditioŶs ;e.g. saŶitatioŶ, eduĐatioŶ aŶd health pƌogƌaŵŵesͿ ;“uŶdeƌliŶ et al. ϮϬϬϱͿ. As the pƌopoƌtioŶ 
of iŶdigeŶous ĐoŵŵuŶities is higheƌ iŶ Wateƌshed PƌoteĐtioŶ )oŶes aŶd Liŵited PƌoduĐtioŶ )oŶes ;Fig. 
“ϯͿ, HutaŶ Desa ĐaŶ additioŶallǇ pƌoǀide a platfoƌŵ foƌ eŶhaŶĐiŶg ƌeĐogŶitioŶ of iŶdigeŶous ǁisdoŵ aŶd 
kŶoǁledge of foƌest aŶd Ŷatuƌe ;BoedhihaƌtoŶo ϮϬϭϳͿ. Foƌ loggiŶg ĐoŵŵuŶities ǁithiŶ the ďouŶdaƌies of 
Liŵited PƌoduĐtioŶ )oŶes, the loss of iŶĐoŵe fƌoŵ tiŵďeƌ pƌoduĐtioŶ due to HutaŶ Desa desigŶatioŶ is 
likelǇ to eŵeƌge as aŶ issue aŶd a poteŶtial souƌĐe of soĐial ĐoŶfliĐt ;ǀaŶ HeŶsďeƌgeŶ et al. ϮϬϭϭͿ. 
Theƌefoƌe, iŶ additioŶ to iŵpƌoǀiŶg ďasiĐ liǀiŶg ĐoŶditioŶs, iŶǀestŵeŶt should also ďe diƌeĐted toǁaƌds 
ĐoŵpeŶsatiŶg liǀelihood losses ďǇ iŶtƌoduĐiŶg iŶĐoŵe geŶeƌatiŶg aĐtiǀities that alloǁ ĐoŵŵuŶities to 
ŵaŶage foƌests sustaiŶaďlǇ ;ǀaŶ HeŶsďeƌgeŶ et al. ϮϬϭϭͿ. Foƌ ĐoŵŵuŶities ǁithiŶ the ďouŶdaƌies of 
PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶes ǁheƌe Đash Đƌop plaŶtatioŶs aƌe the doŵiŶaŶt liǀelihood 
seĐtoƌ, laŶd aǀailaďilitǇ foƌ plaŶtatioŶs is ƌeduĐed ďǇ CF, leadiŶg to iŶĐƌeased pƌessuƌe to iŶteŶsifǇ 
agƌiĐultuƌal pƌoduĐtioŶ. BeĐause sŵallholdeƌs aŶd ĐoŵpaŶǇ plaŶtatioŶs eǆist iŶ this zoŶe, the suĐĐess of 
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HutaŶ Desa ŵaŶageŵeŶt ǁill ƌeƋuiƌe Đlose ĐoopeƌatioŶ ǁith ďoth seĐtoƌs. Foƌ sŵallholdeƌs, iŶǀestŵeŶt 
Đould ďe diƌeĐted toǁaƌds pƌoǀisioŶ of agƌiĐultuƌe iŶputs, iŶĐludiŶg tƌaiŶiŶg aŶd aĐĐess to teĐhŶiĐal 
ƌeĐoŵŵeŶdatioŶs oŶ sustaiŶaďle agƌiĐultuƌe pƌaĐtiĐes ;suĐh as those ƌelated to feƌtilizeƌ use aŶd zeƌo-
ďuƌŶiŶg laŶd ĐleaƌiŶgͿ ;Lee et al. ϮϬϭϰ; “oliŵaŶ et al. ϮϬϭϲͿ, aŶd iŶtƌoduĐiŶg additioŶal iŶĐoŵe souƌĐes 
fƌoŵ ĐoŵŵuŶitǇ pƌoteĐted foƌest pƌogƌaŵŵes to ƌeduĐe ǀulŶeƌaďilitǇ to shoĐks ;“Đhƌoth & ‘uf ϮϬϭϰͿ. 
Foƌ ĐoŵpaŶǇ plaŶtatioŶs, eŶhaŶĐed eŶǀiƌoŶŵeŶtal ŵoŶitoƌiŶg aŶd iŶspeĐtioŶ of pollutioŶ aŶd 
eŶǀiƌoŶŵeŶtal hazaƌds is Ŷeeded, as ǁell as stƌoŶg eŶfoƌĐeŵeŶt of eŶǀiƌoŶŵeŶtal laǁs aŶd poliĐies, to 
eŶsuƌe these hazaƌds do Ŷot spill oǀeƌ iŶto ŶeighďouƌiŶg CF aƌeas.  
The aŵouŶt aŶd ĐoŵpleǆitǇ of tasks ƌeƋuiƌed to ŵaŶage HutaŶ Desa oŶ laŶd ǁithiŶ PeƌŵaŶeŶt 
oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶes is suďstaŶtial Đoŵpaƌed to ǁhat is ƌeƋuiƌed oŶ otheƌ laŶd desigŶatioŶs 
ĐoŶsideƌed iŶ ouƌ aŶalǇsis ;Fig. ϱ aŶd “ϵͿ. Hoǁeǀeƌ, the eǆteŶt of defoƌestatioŶ that is aǀoided due to 
HutaŶ Desa iŶ this zoŶe is also gƌeatest ;Fig. ϮBͿ. This iŵplies that safeguaƌdiŶg foƌests ǁithiŶ PeƌŵaŶeŶt 
oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶes pƌoǀides suďstaŶtial additioŶal ĐoŶseƌǀatioŶ ďeŶefits peƌ heĐtaƌe.  
4.3. Study limitations and caveats 
PoteŶtial Đaǀeats iŶĐlude ŵodel liŵitatioŶs ;siŵplifǇiŶg assuŵptioŶs aŶd oŵissioŶ of iŵpoƌtaŶt 
ĐoŶfouŶdiŶg ǀaƌiaďlesͿ, tƌaŶsfeƌ of ouƌ ƌesults iŶto Ŷoǀel teŵpoƌal ĐoŶteǆts ;paƌtiĐulaƌlǇ diffeƌeŶt ĐliŵatiĐ 
ƌegiŵesͿ, aŶd ĐhoiĐe of ǁell-ďeiŶg iŶdiĐatoƌ to assess the outĐoŵe iŶ the CF assessŵeŶt. Ouƌ aŶalǇtiĐal 
assuŵptioŶs ƌefleĐt the aǀailaďilitǇ of data at juƌisdiĐtioŶal sĐale. Foƌ iŶstaŶĐe, ǁe iŶĐluded oŶlǇ pƌoǀiŶĐial 
ďouŶdaƌies, NGO paƌtŶeƌships, pƌiŵaƌǇ liǀelihood of ĐoŵŵuŶities, aŶd ǁell-ďeiŶg ĐoŶditioŶ pƌioƌ to CF 
desigŶatioŶ as soĐio-politiĐal faĐtoƌs that Đould ĐoŶfouŶd the eǀaluatioŶ of HutaŶ Desa peƌfoƌŵaŶĐe. 
OŵissioŶ of iŵpoƌtaŶt ĐoŶfouŶdiŶg ǀaƌiaďles that aƌe positiǀelǇ Đoƌƌelated ǁith CF assigŶŵeŶt aŶd ouƌ 
outĐoŵe iŶdiĐatoƌs Đould also affeĐt the ƌeliaďilitǇ of ĐoŶĐlusioŶs deƌiǀed. Hoǁeǀeƌ, ouƌ seŶsitiǀitǇ 
aŶalǇsis iŶdiĐates that if suĐh ĐoŶfouŶdiŶg ǀaƌiaďles eǆist, theǇ ǁould Ŷeed to iŶĐƌease the likelihood of 
HutaŶ Desa desigŶatioŶ ďǇ a faĐtoƌ gƌeateƌ thaŶ at least ϭ.ϴϭ ;Taďle “ϱͿ, thus iŵplǇiŶg that ouƌ ŵatĐhiŶg 
aŶalǇsis is ƌoďust. AdditioŶallǇ, ǁe used defoƌestatioŶ ƌate as aŶ iŶdiĐatoƌ of foƌest ĐoŶseƌǀatioŶ, as this 
the ŵost ĐoŵŵoŶlǇ-used ŵeasuƌe aǀailaďle. Hoǁeǀeƌ, foƌest ĐoŶseƌǀatioŶ is Ŷot just aďout ĐuƌďiŶg 
defoƌestatioŶ, ďut also ĐuƌďiŶg foƌest degƌadatioŶ aŶd eŶĐƌoaĐhŵeŶt, ǁhiĐh tǇpiĐallǇ opeƌate at ŵuĐh 
fiŶeƌ sĐales aŶd theƌefoƌe aƌe diffiĐult to ŵeasuƌe aŶd applǇ as iŶdiĐatoƌs of ĐoŶseƌǀatioŶ suĐĐess. 
Ouƌ aŶalǇsis oŶ aǀoided defoƌestatioŶ ǁas peƌfoƌŵed oŶ data ďetǁeeŶ ϮϬϭϬ aŶd ϮϬϭϰ to ƌoughlǇ 
ŵatĐh the tiŵe peƌiod Đoǀeƌed ďǇ the ǁell-ďeiŶg aŶalǇsis ;PODE“ iŶdiĐatoƌsͿ. The defoƌestatioŶ patteƌŶ 
iŶ KaliŵaŶtaŶ is kŶoǁŶ to ďe affeĐted ďǇ Đliŵate ĐoŶditioŶs, ǁheƌe seǀeƌe dƌought duƌiŶg a stƌoŶg El 
Niño phase Đould esĐalate fiƌe-iŶduĐed defoƌestatioŶ ;Heƌaǁati & “aŶtoso ϮϬϭϭ, Field et al. ϮϬϭϲͿ. DuƌiŶg 
the seǀeƌe El Niño dƌought Ǉeaƌ iŶ ϮϬϭϱ ;Fig. “ϯͿ, HutaŶ Desa iŶ PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ 
)oŶe, paƌtiĐulaƌlǇ oŶ peatlaŶd, peƌfoƌŵ pooƌlǇ iŶ pƌeǀeŶtiŶg defoƌestatioŶ due to ǁildfiƌe ;“aŶtika et al. 
ϮϬϭϳ; Gaǀeau et al. ϮϬϭϴͿ. Theƌefoƌe, the aǀoided defoƌestatioŶ ǁe deteĐted ƌefleĐted aŶthƌopogeŶiĐ 
faĐtoƌs, aŶd ŵight Ŷot hold duƌiŶg peƌiods of eǆtƌeŵe ĐliŵatiĐ eǀeŶts. 
“oŵe of the ǁell-ďeiŶg iŶdiĐatoƌs ǁe used foĐus oŶ the pƌeǀaleŶĐe of soĐioeĐoŶoŵiĐ 
pƌogƌaŵŵes, suĐh as Đoopeƌatiǀe sĐheŵes, Đƌedits, aŶd sŵall ďusiŶesses. While iŶfoƌŵatioŶ aďout the 
ƌates of ĐoŵŵuŶitǇ paƌtiĐipatioŶ Đould pƌoǀide a ďetteƌ pƌoǆǇ foƌ ǁell-ďeiŶg thaŶ ŵeƌelǇ the pƌeǀaleŶĐe 
of these pƌogƌaŵs, suĐh data is uŶfoƌtuŶatelǇ Ŷot aǀailaďle iŶ the PODE“ dataset oǀeƌ the spatial aŶd 
teŵpoƌal sĐale of ouƌ studǇ. Moƌeoǀeƌ, ǁe ǁeƌe ƌestƌiĐted to oďjeĐtiǀe aŶd ŵateƌial ǁell-ďeiŶg 
iŶdiĐatoƌs. Theƌe is gƌoǁiŶg ƌeĐogŶitioŶ of the Ŷeed to iŶĐlude suďjeĐtiǀe ŶoŶ-ŵateƌial iŶdiĐatoƌs iŶ 
poǀeƌtǇ assessŵeŶt, suĐh as iŶtƌiŶsiĐ ǀalues ƌelated to Đultuƌe, ethŶiĐitǇ, aŶd soĐial eŵďeddiŶg oƌ 
spiƌitual attaĐhŵeŶt to plaĐes ;‘ussell et al. ϮϬϭϯ; BiedeŶǁeg et al. ϮϬϭϰ; Bƌesloǁ et al. ϮϬϭϲͿ. 
UŶfoƌtuŶatelǇ, iŶ ŵaŶǇ deǀelopiŶg ĐouŶtƌies, iŶĐludiŶg IŶdoŶesia, suĐh data aƌe tǇpiĐallǇ uŶaǀailaďle at 
ďƌoad geogƌaphiĐal sĐales. Wheƌe suĐh data do eǆist, ǁe eŶĐouƌage ƌeseaƌĐheƌs to iŶĐlude theŵ ǁithiŶ 
CF assessŵeŶts, aŶd eǆploƌe ǁaǇs to sĐale up ďeǇoŶd loĐal-leǀel appƌaisals iŶ oƌdeƌ to pƌoǀide 
ĐoŵpƌeheŶsiǀe assessŵeŶt of ďoth oďjeĐtiǀe aŶd suďjeĐtiǀe ǁell-ďeiŶg. 
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4.4. Conclusions 
Ouƌ studǇ highlights that the suĐĐessful iŵpleŵeŶtatioŶ of CF, ǁheƌe foƌest ĐoŶseƌǀatioŶ is iŵpleŵeŶted, 
ǁill ƌeƋuiƌe iŶǀestŵeŶt iŶ diffeƌeŶt aĐtiǀities iŶ diffeƌeŶt laŶd-use zoŶes to suppoƌt tƌaŶsitioŶ of 
liǀelihoods aŶd to pƌeǀeŶt eǆaĐeƌďatiŶg eŶǀiƌoŶŵeŶtal degƌadatioŶ, poǀeƌtǇ, aŶd soĐioeĐoŶoŵiĐ 
dispaƌitǇ. We pƌoǀide a ƌoďust fƌaŵeǁoƌk foƌ ŵoŶitoƌiŶg aŶd eǀaluatiŶg CF, aŶd aŶ appƌaisal of 
peƌfoƌŵaŶĐe oǀeƌ the fiƌst fiǀe Ǉeaƌs of IŶdoŶesia͛s leadiŶg CF sĐheŵe, ǁhiĐh ĐaŶ seƌǀe as a ĐƌuĐial 
ďaseliŶe foƌ loŶg-teƌŵ ŵoŶitoƌiŶg. This ŵoŶitoƌiŶg aŶd eǀaluatioŶ fƌaŵeǁoƌk has ďƌoad appliĐaďilitǇ foƌ 
otheƌ ĐouŶtƌies iŵpleŵeŶtiŶg ĐoŵŵuŶitǇ foƌestƌǇ. 
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Indicators for five aspects of well-being 
We used ϭϲ iŶdiĐatoƌs deƌiǀed fƌoŵ PODE“ ϮϬϬϴ aŶd ϮϬϭϰ ĐolleĐtioŶs as pƌoǆies foƌ the ĐhaŶge iŶ fiǀe 
aspeĐts of ǁell-ďeiŶg, ǁhiĐh iŶĐlude: ;ϭͿ ďasiĐ ;liǀiŶg ĐoŶditioŶsͿ, ;ϮͿ phǇsiĐal ;aĐĐess to health aŶd 
eduĐatioŶͿ, ;ϯͿ fiŶaŶĐial ;iŶĐoŵe suppoƌtͿ, ;ϰͿ soĐial ;seĐuƌitǇ aŶd eƋuitǇͿ, aŶd ;ϱͿ eŶǀiƌoŶŵeŶtal ;Ŷatuƌal 
hazaƌd pƌeǀeŶtioŶͿ ;Taďle ϭͿ. The suƌǀeǇ ƋuestioŶs assoĐiated ǁith eaĐh iŶdiĐatoƌ aƌe listed iŶ Taďle “ϯ. 
IŶdiĐatoƌs foƌ ďasiĐ ǁell-ďeiŶg peƌtaiŶ to liǀiŶg ĐoŶditioŶs, aŶd iŶĐlude the pƌopoƌtioŶ of 
households ǁith pooƌ housiŶg ĐoŶditioŶs, pƌopoƌtioŶ ǁith eleĐtƌiĐitǇ, iŶĐideŶts of Đhild ŵalŶutƌitioŶ, aŶd 
the use of ĐookiŶg fuel aŶd toilet faĐilities foƌ the ŵajoƌitǇ of households ;Taďle ϭͿ. The diƌeĐtioŶal effeĐt 
of the ĐhaŶge iŶ the eleĐtƌiĐitǇ iŶdiĐatoƌ is positiǀe, ǁhile otheƌ iŶdiĐatoƌs aƌe Ŷegatiǀe. This ŵeaŶs that 
aŶ iŶĐƌease iŶ households ǁith eleĐtƌiĐitǇ ƌepƌeseŶts iŵpƌoǀeŵeŶt iŶ ǁell-ďeiŶg. A deĐƌease iŶ 
households ǁith pooƌ housiŶg ĐoŶditioŶs oƌ iŶĐideŶts of Đhild ŵalŶutƌitioŶ, oƌ a ĐhaŶge fƌoŵ oŶe 
ĐategoƌǇ to a loǁeƌ ĐategoƌǇ iŶ ĐookiŶg fuel oƌ toilet faĐilities ;e.g. ĐhaŶge fƌoŵ ĐategoƌǇ Ϯ foƌ ͚joiŶt 
toilet͛ to ĐategoƌǇ ϭ foƌ ͚oǁŶ toilet͛Ϳ ƌepƌeseŶts iŵpƌoǀeŵeŶt iŶ ǁell-ďeiŶg.  
IŶdiĐatoƌs foƌ phǇsiĐal ǁell-ďeiŶg iŶĐlude distaŶĐe to Ŷeaƌest health faĐilities aŶd pƌiŵaƌǇ aŶd 
seĐoŶdaƌǇ sĐhools ;Taďle ϭͿ. The diƌeĐtioŶal effeĐt of the ĐhaŶge iŶ these iŶdiĐatoƌs is Ŷegatiǀe, iŵplǇiŶg 
that ƌeduĐed distaŶĐe to Ŷeaƌest health faĐilities oƌ sĐhools ƌepƌeseŶts iŵpƌoǀeŵeŶt iŶ aĐĐess to health 
aŶd eduĐatioŶ.  
IŶdiĐatoƌs foƌ fiŶaŶĐial ǁell-ďeiŶg iŶĐlude the pƌeǀaleŶĐe of aĐtiǀe ǀillage Đoopeƌatiǀe sĐheŵes, 
Đƌedit aǀailaďle foƌ faƌŵeƌs aŶd ĐoŵŵuŶities, aŶd the Ŷuŵďeƌ of sŵall eŶteƌpƌises ;<ϮϬ eŵploǇeesͿ 
;Taďle ϭͿ. The diƌeĐtioŶal effeĐt of the ĐhaŶge iŶ these iŶdiĐatoƌs is positiǀe, iŵplǇiŶg that aŶ iŶĐƌease iŶ 
the pƌeǀaleŶĐe of Đoopeƌatiǀe sĐheŵes oƌ Đƌedits ƌepƌeseŶts iŵpƌoǀed fiŶaŶĐial suppoƌt foƌ 
ĐoŵŵuŶities. AŶ iŶĐƌease iŶ the pƌeǀaleŶĐe of sŵall-sĐale eŶteƌpƌises also ƌepƌeseŶts iŵpƌoǀeŵeŶt iŶ 
fiŶaŶĐial ǁell-ďeiŶg, ďeĐause it ƌefleĐts iŵpƌoǀed distƌiďutioŶ of iŶĐoŵe aŵoŶg ĐoŵŵuŶities aŶd the 
ŵaiŶteŶaŶĐe of loĐal liǀelihoods ;e.g. sŵall-sĐale iŶdustƌies of ŶoŶ-tiŵďeƌ foƌest pƌoduĐts ;NTFPsͿ, suĐh 
as ƌattaŶs, hoŶeǇ, gahaƌu, aŶd daŵŵaƌͿ ;Paŵďudhi et al. ϮϬϬϰ; Deǁi et al. ϮϬϬϱͿ, as opposed to the 
depeŶdeŶĐǇ of ĐoŵŵuŶities oŶ a siŶgle seĐtoƌ iŶĐoŵe, suĐh as ŵoŶoĐultuƌe plaŶtatioŶ iŶdustƌies 
;KlaseŶ et al. ϮϬϭϲͿ. While iŶfoƌŵatioŶ aďout the ƌates of ĐoŵŵuŶitǇ paƌtiĐipatioŶ iŶ Đoopeƌatiǀe 
sĐheŵes, Đƌedits, aŶd sŵall ďusiŶesses ŵaǇ pƌoǀide a ďetteƌ pƌoǆǇ foƌ ǁell-ďeiŶg thaŶ ŵeƌelǇ the 
pƌeǀaleŶĐe of these pƌogƌaŵs, suĐh data aƌe Ŷot aǀailaďle oǀeƌ spatial aŶd teŵpoƌal sĐale of ouƌ studǇ.  
IŶdiĐatoƌs foƌ soĐial ǁell-ďeiŶg iŶĐlude the pƌeǀaleŶĐe of ĐoŶfliĐts aŵoŶg ĐoŵŵuŶities aŶd 
faŵilies ǁith agƌiĐultuƌal ǁage laďouƌeƌs ;Taďle ϭͿ. The diƌeĐtioŶal effeĐt of the ĐhaŶge iŶ these 
iŶdiĐatoƌs is Ŷegatiǀe, iŵplǇiŶg that a deĐƌease iŶ the pƌeǀaleŶĐe of ĐoŶfliĐts oƌ faŵilies ǁith agƌiĐultuƌal 
ǁage laďouƌeƌs ƌepƌeseŶts iŵpƌoǀeŵeŶt iŶ soĐial ǁell-ďeiŶg. PODE“ defiŶes aŶ agƌiĐultuƌal ǁage 
laďouƌeƌ as a peƌsoŶ ǁho ǁoƌks iŶ the agƌiĐultuƌal seĐtoƌ foƌ oŶe oƌ ŵoƌe eŵploǇeƌs oƌ ĐoŵpaŶies aŶd 
ƌeĐeiǀes ǁages oŶ a dailǇ oƌ ǁholesale ďasis. Eǆaŵples of agƌiĐultuƌal ǁage laďouƌeƌ iŶĐlude ƌiĐe 
haƌǀestiŶg ǁoƌkeƌ, laďouƌeƌ foƌ pƌepaƌiŶg paddǇ fields ǁith hoes, ƌuďďeƌ tappiŶg ǁoƌkeƌ, Đoffee piĐkeƌ, 
oil palŵ fƌuit ďuŶĐh haƌǀesteƌ, aŶd oil palŵ laďouƌeƌ foƌ feƌtilizatioŶ aŶd ĐheŵiĐal spƌaǇiŶg. IŶ 
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KaliŵaŶtaŶ, agƌiĐultuƌal ǁage laďouƌeƌs aƌe pƌeǀaleŶt iŶ ǀillages ǁheƌe Đash Đƌop ;ŵaiŶlǇ oil palŵͿ 
plaŶtatioŶs pƌedoŵiŶate, thaŶ iŶ ǀillages pƌedoŵiŶated ďǇ dƌǇlaŶd ƌiĐe ;sǁiddeŶͿ faƌŵiŶg ĐoŵŵuŶities 
;OďidziŶski et al. ϮϬϭϮ; “iŶaga ϮϬϭϯͿ. IŶĐƌeased agƌiĐultuƌal ǁage laďouƌeƌs assoĐiated ǁith the spƌead of 
iŶdustƌial oil palŵ plaŶtatioŶs has also aggƌaǀated food iŶseĐuƌitǇ, ďeĐause ŵoŶoĐultuƌe displaĐes 
suďsisteŶĐe-ďased agƌiĐultuƌe aŶd theƌeďǇ pƌe-eŵpt alteƌŶatiǀes to ǁage laďouƌ foƌ aĐĐessiŶg food 
;“iŶaga ϮϬϭϯͿ. “ŵall faƌŵeƌs aŶd agƌiĐultuƌal ǁage laďouƌeƌs ƌeŵaiŶ to ďe the pooƌest segŵeŶt of 
soĐietǇ ǁith loǁ puƌĐhasiŶg poǁeƌ iŶ deǀelopiŶg ĐouŶtƌies, aŶd iŶ IŶdoŶesia this ĐoŶditioŶ has 
eǆaĐeƌďated despite the ĐouŶtƌǇ͛s eĐoŶoŵiĐ gƌoǁth ;Booth ϮϬϭϮ; VaŶ Vliet et al. ϮϬϭϮ; BP“ IŶdoŶesia 
ϮϬϭϴͿ.  
IŶdiĐatoƌs foƌ eŶǀiƌoŶŵeŶtal ǁell-ďeiŶg iŶĐlude the pƌeǀaleŶĐe of floods aŶd laŶdslides aŶd the 
leǀel of ǁateƌ aŶd aiƌ pollutioŶ ;Taďle ϭͿ. The diƌeĐtioŶal effeĐt of the ĐhaŶge iŶ these iŶdiĐatoƌs is 
Ŷegatiǀe, iŵplǇiŶg that a ĐhaŶge fƌoŵ oŶe ĐategoƌǇ to a loǁeƌ ĐategoƌǇ iŶ ǁateƌ oƌ aiƌ pollutioŶ ;e.g. 
ĐhaŶge fƌoŵ ĐategoƌǇ ϯ foƌ ͚seǀeƌe͛ to ĐategoƌǇ Ϯ foƌ ͚ŵild͛Ϳ oƌ a deĐƌease iŶ the pƌeǀaleŶĐe of floods aŶd 
laŶdslides ƌepƌeseŶts iŵpƌoǀeŵeŶt iŶ eĐologiĐal ǁell-ďeiŶg. 
 
Spatial matching methods 
We eŵploǇed pƌopeŶsitǇ sĐoƌe ŵatĐhiŶg ;‘oseŶďauŵ & ‘uďiŶ ϭϵϴϯͿ to seleĐt a set of ĐoŶtƌol gƌid-Đells 
outside HutaŶ Desa ďouŶdaƌies that eǆhiďited the saŵe ďaseliŶe ĐhaƌaĐteƌistiĐs as gƌid-Đells ǁith HutaŶ 
Desa. We used a ŶoŶ-paƌaŵetƌiĐ geŶeƌalized ďoosted ƌegƌessioŶ ŵodel iŵpleŵeŶted iŶ the ‘-paĐkage 
gďŵ ;‘idgeǁaǇ et al. ϮϬϭϱͿ to geŶeƌate the pƌopeŶsitǇ sĐoƌes usiŶg the ǀaƌiaďles desĐƌiďed iŶ Taďle Ϯ. 
Afteƌ geŶeƌatiŶg the pƌopeŶsitǇ sĐoƌes, the HutaŶ Desa loĐatioŶs ǁeƌe ŵatĐhed ǁith loĐatioŶs ǁithout 
HutaŶ Desa status usiŶg the Ŷeaƌest Ŷeighďouƌ appƌoaĐh iŵpleŵeŶted iŶ the ‘-paĐkage MatĐhiŶg 
;“ekhoŶ ϮϬϭϱͿ. We used Đallipeƌ ǁidths Ϭ.Ϯ of the pƌopeŶsitǇ sĐoƌe staŶdaƌd deǀiatioŶs iŶ the Ŷeaƌest 
Ŷeighďouƌ appƌoaĐh, as this ǁidth has pƌeǀiouslǇ ďeeŶ shoǁŶ to ďe optiŵal ;AustiŶ ϮϬϭϭͿ. We eŶsuƌed 
that the ĐategoƌiĐal ďaseliŶe ĐhaƌaĐteƌistiĐs ;i.e. ǀaƌiaďles L)ONE, NGO, PROV, PEAT, aŶd LVHDͿ aŶd ǁell-
ďeiŶg iŶdiĐatoƌs iŶ ϮϬϬϴ ;i.e. ǀaƌiaďle WLBͿ of the ĐoŶtƌol loĐatioŶs eǆaĐtlǇ ŵatĐhed the ĐhaƌaĐteƌistiĐs of 
loĐatioŶs ǁith HutaŶ Desa. The distƌiďutioŶ of ďaseliŶe ĐoŶtiŶuous ǀaƌiaďles aŶd ǁell-ďeiŶg iŶdiĐatoƌs 
ďetǁeeŶ loĐatioŶs ǁith aŶd ǁithout HutaŶ Desa had a higheƌ degƌee of oǀeƌlap afteƌ ŵatĐhiŶg thaŶ 
ďefoƌe ŵatĐhiŶg ;Fig. “ϰ aŶd Taďle “ϰͿ.  
Afteƌ the ŵatĐhed dataset ǁas oďtaiŶed, ǁe estiŵated the effiĐaĐǇ of HutaŶ Desa iŶ ƌeduĐiŶg 
defoƌestatioŶ ďǇ ĐoŵpaƌiŶg the aŶŶual defoƌestatioŶ ƌates iŶ ϭϭ kŵϮ gƌid-Đell ǁithiŶ the ďouŶdaƌies of 
HutaŶ Desa ;ϯϮ aƌeasͿ ǁith the ƌates iŶ the ĐoŶtƌol gƌid-Đells. A gƌid-Đell i ǁith HutaŶ Desa ŵaŶageŵeŶt 
is ĐoŶsideƌed to ďe effeĐtiǀe at ƌeduĐiŶg defoƌestatioŶ if the diffeƌeŶĐe ďetǁeeŶ the defoƌestatioŶ ƌates 
iŶ the tƌeated gƌid-Đell ;RiͿ aŶd the ĐoŶtƌol gƌid-Đell ;ŔiͿ, i.e. ρi, ǁheƌe ρi = Ri―Ŕi, is Ŷegatiǀe. AŶ estiŵated 
oǀeƌall effiĐaĐǇ of HutaŶ Desa ;i.e. ŘͿ ǁas oďtaiŶed ďǇ fittiŶg aŶ oƌdiŶaƌǇ least sƋuaƌe ƌegƌessioŶ to R 
;ǁheƌe R {R, Ŕ}Ϳ as a ƌespoŶse aŶd a ďiŶaƌǇ ƌespoŶse ǀaƌiaďle ƌepƌeseŶtiŶg the tƌeated aŶd the ĐoŶtƌol 
gƌid-Đell ;ΘͿ aŶd ǀaƌiaďles L)ONE, LVHD aŶd PEAT desĐƌiďed iŶ Taďle Ϯ as pƌediĐtoƌs, i.e. 
 R = Ř Θ + αϭ L)ONE + αϮ LVHD + αϯ PEAT 
BeĐause ouƌ uŶits of aŶalǇses ;ϭ×ϭ kŵϮ gƌid-ĐellsͿ ǁeƌe ĐoŶtaiŶed ǁithiŶ the ďouŶdaƌies of HutaŶ Desa 
ŵaŶageŵeŶt uŶits, ǁe adjusted the staŶdaƌd eƌƌoƌs ďǇ ĐoƌƌeĐtiŶg the ĐoǀaƌiaŶĐe ŵatƌiǆ to aĐĐouŶt foƌ 
diffeƌeŶt HutaŶ Desa Đlusteƌs.  
AǀeƌagiŶg ρi aĐƌoss all gƌid-Đells ǁithiŶ eaĐh HutaŶ Desa ŵaŶageŵeŶt uŶit j ƌesulted iŶ aŶ 
estiŵate of the peƌfoƌŵaŶĐe of eaĐh HutaŶ Desa oŶ defoƌestatioŶ, i.e. Ŗj. If Ŗj is Ŷegatiǀe aŶd laƌge, theŶ 
the HutaŶ Desa ŵaŶageŵeŶt uŶit j has ĐoŶsideƌaďlǇ loǁeƌ defoƌestatioŶ ƌates thaŶ that outside the 
HutaŶ Desa, aŶd the HutaŶ Desa ŵaŶageŵeŶt is likelǇ to haǀe a positiǀe iŵpaĐt oŶ aǀoidiŶg 
defoƌestatioŶ. If Ŗj is ĐoŶsideƌaďlǇ positiǀe, theŶ the HutaŶ Desa ŵaŶageŵeŶt uŶit j has ĐoŶsideƌaďlǇ 
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higheƌ defoƌestatioŶ ƌates thaŶ outside the HutaŶ Desa, aŶd the HutaŶ Desa ŵaŶageŵeŶt is likelǇ to 
haǀe a Ŷegatiǀe iŵpaĐt oŶ aǀoidiŶg defoƌestatioŶ. If Ŗj is aƌouŶd zeƌo, theŶ the HutaŶ Desa ŵaŶageŵeŶt 
uŶit j has siŵilaƌ defoƌestatioŶ ƌates as that outside the HutaŶ Desa, aŶd the HutaŶ Desa ŵaŶageŵeŶt is 
likelǇ to haǀe a Ŷegligiďle iŵpaĐt oŶ defoƌestatioŶ. 
To estiŵate the effiĐaĐǇ of HutaŶ Desa iŶ iŵpƌoǀiŶg ǁell-ďeiŶg, ǁe Đoŵpaƌed the ĐhaŶge iŶ eaĐh 
iŶdiĐatoƌ ďetǁeeŶ ϮϬϬϴ aŶd ϮϬϭϰ ;Taďle ϭͿ iŶ ǀillages ǁith HutaŶ Desa ;ϰϭ aƌeasͿ ǁith the ĐhaŶge iŶ the 
ĐoŶtƌol ǀillages ǁithout it. A ǀillage j ǁith HutaŶ Desa is ĐoŶsideƌed to ďe effeĐtiǀe at iŵpƌoǀiŶg a siŶgle 
iŶdiĐatoƌ of ǁell-ďeiŶg k if the diffeƌeŶĐe ďetǁeeŶ the ĐhaŶge iŶ the ǀalue of iŶdiĐatoƌ iŶ the tƌeated 
ǀillage ;Cj,kͿ aŶd the ĐoŶtƌol ǀillage ;Ćj,kͿ, i.e. γj,k, ǁheƌe γj,k = ǁk  ;Cj,k―Ćj,kͿ, is positiǀe. AŶ estiŵate of 
oǀeƌall effiĐaĐǇ of HutaŶ Desa aĐĐoƌdiŶg to ǁell-ďeiŶg iŶdiĐatoƌ k ;i.e. ČkͿ ǁas oďtaiŶed ďǇ fittiŶg aŶ 
oƌdiŶaƌǇ least sƋuaƌe ƌegƌessioŶ to Ck ;ǁheƌe C {Ck, Ćk }Ϳ as a ƌespoŶse aŶd a ďiŶaƌǇ ƌespoŶse ǀaƌiaďle 
ƌepƌeseŶtiŶg the tƌeated aŶd the ĐoŶtƌol ǀillage ;ΦͿ aŶd ǀaƌiaďles L)ONE, LVHD, WLB aŶd PEAT desĐƌiďed 
iŶ Taďle Ϯ as pƌediĐtoƌs, i.e. 
 Ck = Čk Φ + αϭ L)ONE + αϮ LVHD + αϯ WLBk + αϰ PEAT  
We theŶ Ŷoƌŵalized the estiŵated tƌeatŵeŶt effeĐts Čk aĐƌoss diffeƌeŶt iŶdiĐatoƌs of ǁell-ďeiŶg. To 
oďtaiŶ the oǀeƌall effiĐaĐǇ of HutaŶ Desa iŶ iŵpƌoǀiŶg eaĐh aspeĐt of ǁell-ďeiŶg ŵ, i.e. Ċŵ, ǁe aǀeƌaged 
Čk aĐƌoss all iŶdiĐatoƌs k ďeloŶgiŶg to the saŵe aspeĐt of ǁell-ďeiŶg ŵ ;Taďle ϭͿ.  
AǀeƌagiŶg γj aĐƌoss all iŶdiĐatoƌs of ǁell-ďeiŶg k, theŶ aĐƌoss all aspeĐts of ǁell-ďeiŶg ŵ Ǉielded 
aŶ estiŵate of the peƌfoƌŵaŶĐe of eaĐh HutaŶ Desa oŶ ǁell-ďeiŶg, i.e. Çj. If Çj is ĐoŶsideƌaďlǇ positiǀe, 
theŶ the ĐhaŶge iŶ ǁell-ďeiŶg iŶ ǀillages ǁith HutaŶ Desa j oĐĐuƌs ĐoŶsideƌaďlǇ fasteƌ thaŶ that iŶ ǀillages 
ǁithout HutaŶ Desa, aŶd the HutaŶ Desa ŵaŶageŵeŶt is likelǇ to haǀe a positiǀe iŵpaĐt oŶ ǁell-ďeiŶg. If 
Çj is ĐoŶsideƌaďlǇ Ŷegatiǀe, theŶ the ĐhaŶge iŶ ǁell-ďeiŶg iŶ ǀillages ǁith HutaŶ Desa j oĐĐuƌs 
ĐoŶsideƌaďlǇ sloǁeƌ thaŶ that iŶ ǀillages ǁithout HutaŶ Desa, aŶd the HutaŶ Desa ŵaŶageŵeŶt is likelǇ 
to haǀe a Ŷegatiǀe iŵpaĐt oŶ ǁell-ďeiŶg. If Çj is aƌouŶd zeƌo, theŶ the ĐhaŶge iŶ ǁell-ďeiŶg iŶ ǀillage ǁith 
HutaŶ Desa j oĐĐuƌs at siŵilaƌ paĐe as that iŶ ǀillages ǁithout HutaŶ Desa, aŶd the HutaŶ Desa 
ŵaŶageŵeŶt is likelǇ to haǀe a Ŷegligiďle iŵpaĐt oŶ ǁell-ďeiŶg. It is ǁoƌth ŶotiŶg that eaĐh iŶdiĐatoƌ of 
ǁellďeiŶg ŵeasuƌes iŶheƌeŶtlǇ diffeƌeŶt thiŶgs, aŶd uses a diffeƌeŶt sĐale ;Taďle ϭͿ. Thus, theƌe aƌe 
iŶeǀitaďle assuŵptioŶs of eƋuiǀaleŶĐe of iŵpaĐt iŶ oŶe iŶdiĐatoƌ ƌelatiǀe to aŶotheƌ ǁheŶ aǀeƌagiŶg iŶ 
this ǁaǇ. While the aǀeƌaged iŶdiĐatoƌs pƌoǀide a pƌaĐtiĐal aŶd iŶfoƌŵatiǀe oǀeƌǀieǁ of ǁellďeiŶg tƌeŶds, 
theǇ should Ŷot distƌaĐt fƌoŵ the ŶuaŶĐes iŶ the data pƌoǀided ďǇ iŶdiǀidual iŶdiĐatoƌs. 
To assess ǁhetheƌ oƌ Ŷot ouƌ estiŵate ďased oŶ ŵatĐhiŶg ǁas ƌoďust to the possiďle pƌeseŶĐe of 
aŶ uŶoďseƌǀed ĐoŶfouŶdeƌ, a seŶsitiǀitǇ aŶalǇsis ǁas applied ďased oŶ the pƌiŶĐiple of ƌaŶdoŵizatioŶ 
iŶfeƌeŶĐe ;‘oseŶďauŵ ϮϬϬϱͿ aŶd iŵpleŵeŶted iŶ ‘-paĐkage ƌďouŶds ;Keele ϮϬϭϰͿ. ‘oseŶďauŵ͛s 
appƌoaĐh ƌelies oŶ the seŶsitiǀitǇ paƌaŵeteƌ ȳ that ŵeasuƌes the degƌee of depaƌtuƌe fƌoŵ ƌaŶdoŵ 
assigŶŵeŶt ;iŶ this ĐaseͿ of HutaŶ Desa. IŶ this appƌoaĐh, the thƌeshold ǀalue of ȳ, ŶaŵelǇ ȳC, ǁas 
ĐalĐulated at the poiŶt at ǁhiĐh hiddeŶ ďias ǁould eliŵiŶate the HutaŶ Desa effeĐt. A studǇ is defiŶed as 
seŶsitiǀe to hiddeŶ ďias oƌ likelǇ that the HutaŶ Desa effeĐt ĐaŶ ďe eǆplaiŶed ďǇ aŶ uŶoďseƌǀed Đoǀaƌiate 
if the ǀalue of ȳC is Đlose to ϭ, aŶd a studǇ is defiŶed as ƌoďust if the ǀalue of ȳC is laƌge, i.e. Đlose to Ϯ foƌ 
ŵost soĐial studies ;Keele ϮϬϭϰͿ. ‘esult of seŶsitiǀitǇ aŶalǇsis is pƌoǀided iŶ Taďle “ϱ, suggestiŶg that if aŶ 
oŵitted ĐoŶfouŶdiŶg ǀaƌiaďle does eǆist, it has to iŶĐƌease the likelihood of the ŶoŶ HutaŶ Desa ǀillage 
to ƌeĐeiǀe iŶteƌǀeŶtioŶ ďǇ a faĐtoƌ gƌeateƌ thaŶ at least ϭ.ϴϭ. This ŵagŶitude suggests that ouƌ ŵatĐhiŶg 
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Fig. Sϭ. The pƌopoƌtioŶ of ǀillages ǁith DaǇak as the ethŶiĐ ŵajoƌitǇ ;AͿ, aŶd the pƌopoƌtioŶ of ǀillages ǁith 
DaǇak as the oŶlǇ ethŶiĐ gƌoup ǁithiŶ ĐoŵŵuŶities ;BͿ, ǁithiŶ the ďouŶdaƌies of Wateƌshed PƌoteĐtioŶ )oŶe, 






Fig. SϮ. ;AͿ AspeĐts ;diŵeŶsioŶsͿ aŶd iŶdiĐatoƌs of ǁell-ďeiŶg used iŶ the MultidiŵeŶsioŶal PoǀeƌtǇ IŶdeǆ ;MPI, 
Alkiƌe & “aŶtos ϮϬϭϰͿ, the “ustaiŶaďle Liǀelihood AppƌoaĐh ;“LA, “ĐooŶes ϭϵϵϴͿ, aŶd the Nested “pheƌes of 
PoǀeƌtǇ ;NE“P, GöŶŶeƌ et al. ϮϬϬϳͿ. ;BͿ AssoĐiatioŶ ďetǁeeŶ aspeĐts aŶd iŶdiĐatoƌs used iŶ ouƌ studǇ ǁith 
those eŶĐapsulated iŶ MPI, “LA aŶd NE“P, ǁith the assoĐiated aspeĐt ƌepƌeseŶted ďǇ the Đapital letteƌ iŶ the 
seĐoŶd ĐoluŵŶ. Foƌ MPI, the aspeĐts iŶĐlude: EduĐatioŶ ;EdͿ, Health ;HͿ, aŶd LiǀiŶg staŶdaƌds ;LͿ. Foƌ “LA, the 
aspeĐts iŶĐlude: HuŵaŶ ;HuͿ, “oĐial ;“Ϳ, Natuƌal ;NͿ, PhǇsiĐal ;PͿ aŶd FiŶaŶĐial ;FͿ. Foƌ NE“P, the Coƌe iŶĐludes: 
Health ;HͿ, Wealth ;WͿ, aŶd KŶoǁledge ;KͿ; aŶd the CoŶteǆt iŶĐludes: Natuƌal ;NͿ, EĐoŶoŵiĐ ;EͿ, “oĐial ;“Ϳ, 




Fig. Sϯ. AŶŶual ǀaƌiaďilitǇ iŶ ŵeaŶ ŵoŶthlǇ pƌeĐipitatioŶ oǀeƌ MaǇ to “epteŵďeƌ ;dƌǇ seasoŶͿ ďetǁeeŶ ϮϬϬϮ 












Fig. Sϰ. The distƌiďutioŶs of ĐoŶtiŶuous ǀaƌiaďles ĐhaƌaĐteƌiziŶg the loĐatioŶs of HutaŶ Desa aŶd ĐoŶtƌols outside HutaŶ Desa iŶ KaliŵaŶtaŶ, ďefoƌe aŶd afteƌ ŵatĐhiŶg, 
ĐolleĐtiǀelǇ foƌ ϮϬϬϴ aŶd ϮϬϭϰ data. Vaƌiaďles iŶĐlude: eleǀatioŶ ;ELEVͿ, SLOPE, distaŶĐe to laƌge Đities oƌ aƌteƌial ƌoads ;CITYͿ, loŶg-teƌŵ ŵeaŶ ŵoŶthlǇ ƌaiŶfall duƌiŶg the 
dƌǇ aŶd ǁet seasoŶ ;DRY aŶd WETͿ, foƌest Đoǀeƌ ;FORͿ, distaŶĐe to oil palŵ plaŶtatioŶs ;OPPͿ, aŶd ŵoŶthlǇ ŵeaŶ ƌaiŶfall duƌiŶg the dƌǇ aŶd ǁet seasoŶ ďetǁeeŶ ϮϬϬϴ 
aŶd ϮϬϭϰ ;TDRY aŶd TWETͿ. The degƌee of oǀeƌlap ďetǁeeŶ the distƌiďutioŶs of ǀaƌiaďles foƌ HutaŶ Desa aŶd ĐoŶtƌol loĐatioŶs iŶĐƌeased afteƌ ŵatĐhiŶg ;as ŵeasuƌed ďǇ 
ȴ, ǁheƌe higheƌ ȴ iŶdiĐates higheƌ pƌopoƌtioŶ of oǀeƌlappiŶg aƌea, aŶd theƌefoƌe iŶĐƌeased siŵilaƌitǇ iŶ ĐhaƌaĐteƌistiĐs of HutaŶ Desa aŶd ĐoŶtƌol loĐatioŶsͿ. VeƌtiĐal liŶes 
iŶdiĐate the ŵeaŶ ǀalue foƌ HutaŶ Desa aŶd ĐoŶtƌols, ǁith the gap ďetǁeeŶ the tǁo liŶes deĐƌeased afteƌ ŵatĐhiŶg, iŶdiĐatiŶg iŶĐƌeased siŵilaƌitǇ iŶ the ĐhaƌaĐteƌistiĐs of 
HutaŶ Desa aŶd ĐoŶtƌol loĐatioŶs.
 ϯϯ 
 
Fig. Sϱ. ‘elatiǀe effeĐt of HutaŶ Desa oŶ iŵpƌoǀed fiǀe aspeĐts of huŵaŶ ǁell-ďeiŶg iŶ KaliŵaŶtaŶ ďetǁeeŶ 





Fig. Sϲ. ‘elatiǀe effeĐt of HutaŶ Desa oŶ the ĐhaŶge iŶ iŶdiĐatoƌs of huŵaŶ ǁell-ďeiŶg iŶ KaliŵaŶtaŶ ďetǁeeŶ 
ϮϬϬϴ aŶd ϮϬϭϰ, aĐƌoss diffeƌeŶt laŶd-use Đategoƌies: Wateƌshed PƌoteĐtioŶ )oŶe ;HLͿ, Liŵited PƌoduĐtioŶ 
)oŶe ;HPTͿ, aŶd PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe ;HPTKͿ. AspeĐts of huŵaŶ ǁell-ďeiŶg iŶĐlude: 




Fig. Sϳ. VioliŶ plots depiĐtiŶg the ďiophǇsiĐal ĐhaƌaĐteƌistiĐs of loĐatioŶs ǁithiŶ the ďouŶdaƌies of Wateƌshed 
PƌoteĐtioŶ )oŶe ;HLͿ, Liŵited PƌoduĐtioŶ )oŶe ;HPTͿ, aŶd PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ )oŶe ;HPTKͿ 
iŶ KaliŵaŶtaŶ. The ĐhaƌaĐteƌistiĐs iŶĐlude: ;AͿ altitude ;ǀaƌiaďle ELEV iŶ Taďle ϮͿ ;ŵ a.s.lͿ, ;BͿ slope ;SLOPEͿ 
;degƌeeͿ, ;CͿ distaŶĐe to Ŷeaƌest Đities aŶd ƌoads ;CITYͿ ;kŵͿ, ;DͿ huŵaŶ populatioŶ deŶsitǇ ;POPͿ ;people peƌ 
kŵϮͿ, ;EͿ foƌest Đoǀeƌ iŶ ϮϬϬϴ ;FORͿ ;ha peƌ kŵϮͿ, aŶd ;FͿ distaŶĐe to Ŷeaƌest iŶdustƌial oil palŵ plaŶtatioŶ 




Fig. Sϴ. The ĐoŶditioŶs of ďasiĐ ;AͿ aŶd phǇsiĐal ;BͿ ǁell-ďeiŶg of ĐoŵŵuŶities ǁithiŶ the ďouŶdaƌies of 
Wateƌshed PƌoteĐtioŶ )oŶe ;HLͿ, Liŵited PƌoduĐtioŶ )oŶe ;HPTͿ, aŶd PeƌŵaŶeŶt oƌ CoŶǀeƌtiďle PƌoduĐtioŶ 
)oŶe ;HPTKͿ. IŶdiĐatoƌs of ďasiĐ ǁell-ďeiŶg iŶĐlude: pƌopoƌtioŶ of households ǁith pooƌ housiŶg ĐoŶditioŶs, 
pƌopoƌtioŶ of households ǁith eleĐtƌiĐitǇ, iŶĐideŶts of Đhild ŵalŶutƌitioŶ iŶ the last Ǉeaƌ, ĐookiŶg fuel foƌ 
ŵajoƌitǇ of households, aŶd toilet faĐilities foƌ ŵajoƌitǇ of households. IŶdiĐatoƌs of phǇsiĐal ǁell-ďeiŶg 
iŶĐlude: distaŶĐe to Ŷeaƌest health faĐilitǇ, distaŶĐe to Ŷeaƌest pƌiŵaƌǇ sĐhool, aŶd distaŶĐe to Ŷeaƌest 






Fig. Sϵ. IŶdoŶesiaŶ tƌaŶslatioŶs of pƌeliŵiŶaƌǇ guideliŶes foƌ futuƌe HutaŶ Desa poliĐǇ aŶd foĐus of iŶǀestŵeŶts 
iŶ diffeƌeŶt laŶd-use zoŶes iŶ IŶdoŶesia: HutaŶ LiŶduŶg ;Wateƌshed PƌoteĐtioŶ )oŶeͿ, HutaŶ Produksi Terďatas 




Taďle Sϭ. Past eǀaluatioŶs oŶ the iŵpaĐt of ĐoŵŵuŶitǇ-ďased pƌogƌaŵs aŶd foƌest deĐeŶtƌalizatioŶ poliĐǇ oŶ ǁell-ďeiŶg iŶ IŶdoŶesia. “tudǇ desigŶs iŶĐlude ĐoŵpaƌisoŶs 
ďetǁeeŶ pƌogƌaŵs aŶd ŶoŶ-pƌogƌaŵs suĐh as ǁithiŶ-studǇ ĐoŵpaƌisoŶs of ďefoƌe ǀeƌsus afteƌ aŶ iŶteƌǀeŶtioŶ ;i.e. Before-AfterͿ aŶd/oƌ ǁithiŶ ĐoŵŵuŶitǇ pƌogƌaŵ aƌeas 
ǀeƌsus outside ;CoŶtrol-TreatedͿ, oƌ Ŷo ĐoŵpaƌisoŶ ǁas ŵade ;NoŶeͿ. “ee also NeǁtoŶ et al. ;ϮϬϭϱͿ aŶd Gilŵouƌ ;ϮϬϭϲͿ foƌ sǇsteŵatiĐ ƌeǀieǁ of the iŵpaĐt of ĐoŵŵuŶitǇ 


















Baƌƌ et al. ϮϬϬϭ MaliŶau, Noƌth KaliŵaŶtaŶ LoĐal Foƌest deĐeŶtƌalisatioŶ “oĐial CoŶfliĐts Before-After NoŶe 




EĐoŶoŵiĐ IŶĐoŵe CoŶtrol-Treated NoŶe 
Naǁiƌ & “aŶtoso 
ϮϬϬϱ 
ϯ tiŵďeƌ plaŶtatioŶ ĐoŶĐessioŶ 
aƌeas iŶ KaliŵaŶtaŶ aŶd “uŵatƌa 
LoĐal CoŵŵuŶitǇ tiŵďeƌ 
plaŶtatioŶ paƌtŶeƌship 
EĐoŶoŵiĐ IŶĐoŵe, ďeŶefit shaƌiŶg NoŶe NoŶe 
Nooƌ et al. ϮϬϬϱ Villages adjaĐeŶt to Beƌďak 
NatioŶal Paƌk ;JaŵďiͿ, “eŵďilaŶ 
NatioŶal Paƌk ;“outh “uŵatƌaͿ, aŶd 






“oĐial Illegal loggiŶg, ŶatioŶal 
paƌk aŶd ĐoŵŵuŶitǇ 
paƌtŶeƌships 
Before-After NoŶe 
‘osǇadi et al. ϮϬϬϱ BaŶǇuŵas, CeŶtƌal Jaǀa LoĐal Foƌest deĐeŶtƌalizatioŶ “oĐial IŶstitutioŶal poǁeƌ, 
ĐoŶfliĐts 
NoŶe NoŶe 
“uǇaŶto et al. ϮϬϬϱ TƌiŵulǇo, LaŵpuŶg LoĐal CoŵŵuŶitǇ laŶd 
teŶuƌe 
“oĐial LaŶd use pƌaĐtiĐe Before-After NoŶe 
Kusteƌs et al. ϮϬϬϳ Kƌui, LaŵpuŶg LoĐal CustoŵaƌǇ laŶd teŶuƌe “oĐial CoŶfliĐts Before-After NoŶe 
Palŵeƌ & EŶgel 
;ϮϬϬϳͿ 
ϲϱ ĐoŵŵuŶities ;ϲϴϳ householdsͿ 
iŶ MaliŶau, BuluŶgaŶ aŶd 
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LoĐal Foƌest deĐeŶtƌalisatioŶ EĐoŶoŵiĐ & 
“oĐial 
FiŶaŶĐial aŶd iŶ-kiŶd 




WolleŶďeƌg et al. 
;ϮϬϬϳͿ 
MaliŶau, Noƌth KaliŵaŶtaŶ LoĐal CoŵŵuŶitǇ 
paƌtiĐipatoƌǇ 
pƌogƌaŵ 
“oĐial CoŶfliĐts, ĐoŵŵuŶitǇ 

























MehƌiŶg et al. 
;ϮϬϭϭͿ 
ϰ ǀillages suƌƌouŶdiŶg Loƌe LiŶdu 










BulliŶgeƌ & Haug 
;ϮϬϭϮͿ 
Kutai Baƌat, East KaliŵaŶtaŶ LoĐal Foƌest deĐeŶtƌalizatioŶ EĐoŶoŵiĐ & 
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MaƌǇudi & Kƌott 
;ϮϬϭϮͿ 
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ĐoŶfliĐts 
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Taďle Sϯ. “uƌǀeǇ ƋuestioŶŶaiƌe iŶ PODE“ that used to geŶeƌate the data ƌepƌeseŶted iŶ Taďle ϭ. 
AspeĐt of 
ǁellďeiŶg Vaƌiaďle ;aďďƌeǀiatioŶͿ AssoĐiated suƌǀeǇ ƋuestioŶ iŶ PODES 
PƌopoƌtioŶ of households ǁith 
pooƌ housiŶg ĐoŶditioŶs 
Nuŵďeƌ of households iŶ sluŵs oƌ pooƌ housiŶg Ŷeighďouƌhoods. 
Juŵlah ruŵah taŶgga ǇaŶg tiŶggal di peŵukiŵaŶ kuŵuh. 
PƌopoƌtioŶ of households ǁith 
eleĐtƌiĐitǇ 
Nuŵďeƌ of households ǁith eleĐtƌiĐitǇ. 
Juŵlah ruŵah taŶgga peŶgguŶa listrik. 
IŶĐideŶĐe of Đhild ŵalŶutƌitioŶ iŶ 
the last Ǉeaƌ 
Nuŵďeƌ of Đhild ŵalŶutƌitioŶ Đases iŶ the last Ǉeaƌ. 
Juŵlah ďalita peŶderita gizi ďuruk setahuŶ terakhir. 
CookiŶg fuel foƌ ŵajoƌitǇ of 
households 
CookiŶg fuel foƌ ŵajoƌitǇ of households. ;ϭ=eleĐtƌiĐitǇ, Ϯ=liƋuefied 
petƌoleuŵ gas ;LPGͿ, ϯ=keƌoseŶe, ϰ=ǁood, ϱ=otheƌsͿ. 
BahaŶ ďakar ǇaŶg diguŶakaŶ seďagiaŶ ďesar ruŵah taŶgga uŶtuk 




Toilet faĐilities foƌ ŵajoƌitǇ of 
households 
Toilet faĐilitǇ foƌ ŵajoƌitǇ of households. ;ϭ=oǁŶ toilet, Ϯ=joiŶt toilet, 
ϯ=puďliĐ toilet, ϰ=ŶoŶ toiletͿ. 
Teŵpat ďuaŶg air ďesar seďagiaŶ ďesar ruŵah taŶgga. ;ϭ=jaŵďaŶ 
seŶdiri, Ϯ=jaŵďaŶ ďersaŵa, ϯ=jaŵďaŶ uŵuŵ, ϰ=ďukaŶ jaŵďaŶͿ. 
DistaŶĐe to Ŷeaƌest health 
faĐilitǇ 
DistaŶĐe to Ŷeaƌest health faĐilities ;hospital, doĐtoƌ͛s pƌaĐtiĐe, ĐliŶiĐ, 
puďliĐ health ĐeŶteƌ, ǀillage health ĐeŶteƌͿ. 
Jarak ke saraŶa kesehataŶ terdekat ;ruŵah sakit, praktek dokter, 
polikliŶik, puskesŵas, puskesdesͿ. 
DistaŶĐe to Ŷeaƌest pƌiŵaƌǇ 
sĐhool 
DistaŶĐe to Ŷeaƌest pƌiŵaƌǇ sĐhools. 
Jarak ke Sekolah Dasar ;SDͿ terdekat. 
Physical  
;IŶfƌastƌuĐtuƌeͿ 
DistaŶĐe to Ŷeaƌest seĐoŶdaƌǇ 
sĐhool 
DistaŶĐe to Ŷeaƌest seĐoŶdaƌǇ ;juŶioƌ highͿ sĐhools. 
Jarak ke Sekolah MeŶeŶgah Pertaŵa ;SMPͿ terdekat. 
Nuŵďeƌ of aĐtiǀe ǀillage 
Đoopeƌatiǀe sĐheŵes oƌ otheƌ 
ƌelated sĐheŵes 
Nuŵďeƌ of Đoopeƌatiǀe sĐheŵes that aƌe aĐtiǀelǇ opeƌated ;iŶĐludiŶg 
KUD, KopiŶkƌa, KospiŶ, etĐͿ. 
Juŵlah koperasi ǇaŶg ŵasih aktif ďeroperasi ;terŵasuk KUD, KopiŶkra, 
KospiŶ, dllͿ. 
Nuŵďeƌ of Đƌedit sĐheŵes 
ƌeĐeiǀed ďǇ faƌŵeƌs oƌ 
ĐoŵŵuŶities iŶ the last Ǉeaƌ 
Nuŵďeƌ of Đƌedit faĐilities ƌeĐeiǀed ďǇ ĐoŵŵuŶities iŶ the last Ǉeaƌ 
;iŶĐludiŶg KU‘, KKP, KUK, KP‘, etĐͿ. 
BaŶǇakŶǇa fasilitas kredit ǇaŶg diteriŵa peŶduduk selaŵa setahuŶ 




Nuŵďeƌ of sŵall eŶteƌpƌises 
;<ϮϬ eŵploǇeesͿ 
Nuŵďeƌ of sŵall oƌ ŵiĐƌo-sĐale iŶdustƌǇ ;less thaŶ ϮϬ eŵploǇeeͿ. 
Juŵlah iŶdustri keĐil daŶ ŵikro ;kuraŶg dari ϮϬ pekerjaͿ. 
FƌeƋueŶĐǇ of ĐoŶfliĐts aŵoŶg 
ĐoŵŵuŶities iŶ the last Ǉea 
Nuŵďeƌ of ĐoŶfliĐts aŵoŶg ĐoŵŵuŶities iŶ the last Ǉeaƌ. 
Juŵlah kejadiaŶ perkelahiaŶ ŵassal selaŵa setahuŶ terakhir. 
PƌopoƌtioŶ of faŵilies ǁith 
agƌiĐultuƌal ǁage laďouƌeƌs 
Nuŵďeƌ of faŵilies ǁith at least oŶe faŵilǇ ŵeŵďeƌ ǁoƌks as 
agƌiĐultuƌal ǁage laďouƌeƌs. 




“uiĐidal ƌates iŶ the last Ǉeaƌ Nuŵďeƌ of suiĐidal ǀiĐtiŵs iŶ the last Ǉeaƌ. 
BaŶǇakŶǇa korďaŶ ďuŶuh diri ǇaŶg terjadi selaŵa setahuŶ terakhir. 
Wateƌ pollutioŶ iŶ the last Ǉeaƌ The oĐĐuƌƌeŶĐe of ǁateƌ pollutioŶ iŶ the last Ǉeaƌ ;ϭ=ŶoŶe, Ϯ=Ǉes ďut the 
issue has Ŷot ďeeŶ foƌŵallǇ ƌepoƌted ďǇ ĐoŵŵuŶities, ϯ=Ǉes aŶd the 
issue has ďeeŶ foƌŵallǇ ƌepoƌted ďǇ ĐoŵŵuŶitiesͿ. 
PeŶĐeŵaraŶ air selaŵa setahuŶ terakhir. ;ϭ=tidak ada, Ϯ=ada tetapi 
tidak ada peŶgaduaŶ dari ŵasǇarakat, ϯ=ada daŶ ada peŶgaduaŶ dari 
ŵasǇarakatͿ. 
Aiƌ pollutioŶ iŶ the last Ǉeaƌ The oĐĐuƌƌeŶĐe of aiƌ pollutioŶ iŶ the last Ǉeaƌ ;ϭ=ŶoŶe, Ϯ=Ǉes ďut the 
issue has Ŷot ďeeŶ foƌŵallǇ ƌepoƌted ďǇ ĐoŵŵuŶities, ϯ=Ǉes aŶd the 
issue has ďeeŶ foƌŵallǇ ƌepoƌted ďǇ ĐoŵŵuŶitiesͿ. 
PeŶĐeŵaraŶ udara selaŵa setahuŶ terakhir. ;ϭ=tidak ada, Ϯ=ada tetapi 





FƌeƋueŶĐǇ of floods aŶd 
laŶdslides iŶ the last ϯ Ǉeaƌs 
FƌeƋueŶĐǇ of floods, flash floods, oƌ laŶdslides iŶ the last ϯ Ǉeaƌs. 
BaŶǇakŶǇa kejadiaŶ ďaŶjir, ďaŶjir ďaŶdiŶg, daŶ taŶah loŶgsor selaŵa ϯ 
tahuŶ terahkir. 
 ϰϲ 
Taďle Sϰ. The siŵilaƌitǇ of the distƌiďutioŶ of ĐoŶtiŶuous ďiophǇsiĐal ǀaƌiaďles ;AͿ, aŶd ďaseliŶe ǁell-ďeiŶg 
iŶdiĐatoƌs ;BͿ, ďetǁeeŶ loĐatioŶs ǁith aŶd ǁithout HutaŶ Desa, ďefoƌe aŶd afteƌ ŵatĐhiŶg. The degƌee of 
siŵilaƌitǇ foƌ eaĐh ǀaƌiaďle is ŵeasuƌed as the p-ǀalue of the diffeƌeŶĐe ďetǁeeŶ the ŵeaŶ ǀalue of the ǀaƌiaďle 
iŶ loĐatioŶs ǁith aŶd ǁithout HutaŶ Desa ;ĐoluŵŶ p-ǀalueͿ aŶd the pƌopoƌtioŶ of oǀeƌlappiŶg aƌea ďetǁeeŶ the 
;deŶsitǇͿ histogƌaŵ of the ǀaƌiaďle foƌ loĐatioŶs ǁith aŶd ǁithout HutaŶ Desa ;ĐoluŵŶ ȴͿ. 
 
Befoƌe ŵatĐhiŶg  Afteƌ ŵatĐhiŶg Vaƌiaďle p-ǀalue ȴ  p-ǀalue ȴ 
      
;AͿ BiophǇsiĐal ǀariaďles     
ELEV <Ϭ.ϬϬϭ ϰϱ.Ϯ%  Ϭ.ϭϬϲ ϳϵ.Ϯ% 
SLOPE <Ϭ.ϬϬϭ ϱϬ.ϭ%  Ϭ.Ϭϵϱ ϴϭ.ϵ% 
CITY <Ϭ.ϬϬϭ ϰϰ.ϴ%  Ϭ.ϭϭϰ ϳϵ.ϰ% 
POP <Ϭ.ϬϬϭ ϰϯ.Ϭ%  Ϭ.ϭϬϵ ϴϯ.ϵ% 
DRY <Ϭ.ϬϬϭ ϰϱ.Ϯ%  Ϭ.ϱϲϬ ϳϵ.ϴ% 
WET <Ϭ.ϬϬϭ ϰϲ.ϭ%  Ϭ.ϱϴϮ ϴϵ.ϯ% 
FOR <Ϭ.ϬϬϭ ϱϳ.ϰ%  Ϭ.ϵϬϯ ϵϴ.Ϯ% 
OPP <Ϭ.ϬϬϭ ϯϴ.ϭ%  Ϭ.ϭϬϮ ϴϴ.ϴ% 
TDRY <Ϭ.ϬϬϭ ϯϲ.ϱ%  Ϭ.ϬϵϮ ϴϱ.ϭ% 
TWET <Ϭ.ϬϬϭ ϰϱ.ϵ%  Ϭ.ϯϰϮ ϳϴ.ϳ% 
      
      
;BͿ BaseliŶe ǁell-ďeiŶg iŶdiĐators    
Pooƌ housiŶg ĐoŶditioŶ <Ϭ.ϬϬϭ Ϯϱ.ϲ%  Ϭ.Ϯϭϰ ϴϱ.ϵ% 
EleĐtƌiĐitǇ <Ϭ.ϬϬϭ ϯϭ.ϱ%  Ϭ.ϭϴϳ ϴϴ.ϲ% 
CookiŶg fuel Ϭ.ϬϬϮ ϮϬ.ϱ%  Ϭ.Ϯϱϭ ϳϯ.ϲ% 
Toilet faĐilities <Ϭ.ϬϬϭ ϭϵ.ϵ%  Ϭ.Ϯϳϵ ϴϮ.ϳ% 
MalŶutƌitioŶ <Ϭ.ϬϬϭ ϭϭ.ϳ%  Ϭ.ϭϱϮ ϳϮ.ϭ% 
Health faĐilities Ϭ.ϬϬϵ ϰϴ.ϵ%  Ϭ.Ϯϯϳ ϵϮ.ϲ% 
PƌiŵaƌǇ sĐhools Ϭ.ϬϬϯ ϭϴ.ϴ%  Ϭ.ϬϳϮ ϴϮ.ϵ% 
“eĐoŶdaƌǇ sĐhools <Ϭ.ϬϬϭ ϱϭ.ϰ%  Ϭ.ϭϴϵ ϵϱ.ϭ% 
Coopeƌatiǀe sĐheŵes Ϭ.ϬϬϯ ϰϳ.ϲ%  Ϭ.ϭϱϭ ϳϴ.Ϯ% 
Cƌedit <Ϭ.ϬϬϭ ϯϭ.Ϯ%  Ϭ.Ϯϳϯ ϵϭ.Ϯ% 
“ŵall eŶteƌpƌises <Ϭ.ϬϬϭ Ϯϲ.ϳ%  Ϭ.Ϭϵϯ ϴϲ.ϯ% 
CoŶfliĐts <Ϭ.ϬϬϭ Ϯϲ.ϵ%  Ϭ.ϰϮϳ ϴϰ.Ϯ% 
AgƌiĐultuƌe laďouƌeƌs <Ϭ.ϬϬϭ ϯϳ.ϰ%  Ϭ.ϯϱϮ ϳϲ.ϱ% 
Wateƌ pollutioŶ Ϭ.ϬϬϱ Ϯϭ.ϲ%  Ϭ.ϰϵϭ ϴϵ.ϰ% 
Aiƌ pollutioŶ Ϭ.ϬϬϯ ϯϳ.ϭ%  Ϭ.ϭϴϳ ϴϯ.Ϯ% 
Floods/laŶdslides <Ϭ.ϬϬϭ ϯϰ.ϯ%  Ϭ.ϱϲϮ ϳϲ.Ϯ% 
      
 ϰϳ 
Taďle Sϱ. The ƌoďustŶess of the ŵatĐhiŶg aŶalǇsis agaiŶst hiddeŶ ďias due to aŶ uŶoďseƌǀed ĐoŶfouŶdeƌ, as 
iŶdiĐated ďǇ the ŵiŶiŵuŵ ǀalue of the seŶsitiǀitǇ paƌaŵeteƌ ȳC, foƌ defoƌestatioŶ aŶd eaĐh ǁell-ďeiŶg 
iŶdiĐatoƌ. Laƌgeƌ ȳC iŶdiĐates a ŵoƌe ƌoďust aŶalǇsis agaiŶst hiddeŶ ďias.  
 
AŶalǇsis 
;defoƌestatioŶ aŶd ǁell-ďeiŶg iŶdiĐatoƌsͿ ȳC 
  
DefoƌestatioŶ ƌates ϭ.ϴϵ 
Pooƌ housiŶg ĐoŶditioŶ Ϯ.ϳϵ 
EleĐtƌiĐitǇ ϯ.ϰϭ 
CookiŶg fuel ϭ.ϵϳ 
Toilet faĐilities ϰ.Ϯϭ 
MalŶutƌitioŶ ϯ.ϯϯ 
Health faĐilities Ϯ.ϭϯ 
PƌiŵaƌǇ sĐhools Ϯ.ϰϭ 
“eĐoŶdaƌǇ sĐhools Ϯ.Ϭϵ 
Coopeƌatiǀe sĐheŵes ϭ.ϴϭ 
Cƌedit ϯ.ϰϴ 
“ŵall eŶteƌpƌises ϯ.ϲϭ 
CoŶfliĐts Ϯ.Ϯϰ 
AgƌiĐultuƌe laďoƌeƌs ϭ.ϵϰ 
Wateƌ pollutioŶ Ϯ.Ϭϭ 
Aiƌ pollutioŶ ϭ.ϴϳ 
Floods/laŶdslides Ϯ.ϭϲ 
  
 
 
 
 
 
